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ijm^^^j:^±mnm^^Bmi^z2: ^ t 

^:\m-r^mmjmrMw.m^zmKLx . imw^<^^ 
mmm^zf^'oxmi5^\>zm^B^^^^tz{,<r)X'h o . 
±Mm^<n^mM\<zh ft I. i-^^^jimmt . 2 
s ^[6] J; D m^Bm:^^^tzmm.<^mmM:m.i,zi: 

±imm^4mmii. ^mm^-^mmiz^m^i^M 

^'imtmMJtmrMmmizmxLx . ±mmu<Dm 
ummi^zm "rcwm\imz^§hm:^-\ttz i coxh 0 . 
±§mi'<^immm^zti nh^^ ^^ivmrnt . 2 ]ii±c7) 

[ It*il4 ] 11*11 3 t;IEij^J^»#;gMT-?j o T , 

t-^-^-b-^^-yxwMLx\-^i>^hmm.h-ft'=^miif. 
[if*ii5] m^miVMA<riu^iit-i-:>f.ztm<o 

[ mim 6 ] ft*3i 1 5 c^i -vrKt- 1 o tfB«c^ 

±iE^SttffiJi^^^^^^tl> Nit^iiS*^ 1 x 1 0 le - 5 ■ 

1 017 at oms/cm3T-|>l>; 

^^K'rAmmmmfMtLxmv^fzm^imuz^m 
wmm^)mmmxh-^x . 

Mmmmmi^^hmui.{zn¥Bm4mmmm- 



mthmmmimmi^zmx-thTMh . 

^ASixT I JiiBa«c^iei^ffit3&^'5 -nt 

<nmm:yinz^^B^^^^fzmmz., '}f^£<y^ 
%ToM'^mmxzmh^-^y{-^}vmm^tm'th i a 

[Ii«i|8 ] mm 7 tiBift(7)4^#:gM(7)S}i:^s 

immjmffmx^fitzw^Mi}^^'^y:. i> ii^f ^^oish^b 
m.^^^-mmo}^m>\<ziiv^x. w^^^m-^^ 

[ff ^ 9 ] if*:S 7 S 8 t:fBKo^^ft^aco 

mmimz^v^x. 

i.mwB% y A mm-u\.z}L%^mjm^mw^\m 

X'fh:Lmzii\^x. 

:btLT V \ ^w^m.-yA mw<^mL\z}L%^mk7m 

[If 1 0 ] mm. 9 i,zwMmmi^mw(ommif 
mi,zi5\^x. 

±m'?^::^im^mm^xh-yx. ^(DiE^mmm 

immM 1 1 ] mm 1 0 i^znimco^m^mtmm 
1rmt,zi5^-^x . 

X ^ (7^^>mmm>zmi-->xmm.^^^tz!^^B^^ 

^U-bK ±iES^iO^^^-;t/M«jt^rSfIJi^t;-iriti 

mm. 1 2 ] if 1 0 ^ fcji 1 1 tiBK^o^* 

^WTmmfm>zii\^x. 

[ 11*11 1 3 ] If * If 9 t;f Eilt^^W#;gMt^i^ii* 

mz^v^x. 

[ If *ii 1 4 ] If * If 1 3 \zwMmmwmm.<7mik 
-Hmzii\^x. 

±fEH?E5«i7)vx^i7)HMiIJ; 0±fEvx:^'c7)4i'C^c?)T 
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im^m 1 5 ] m^mijbm 1 4<D\^~ftit' i ^tiB 

[ imm 1 6 ] If *il 1 5 (ciEisi7)^**gM<7)MiS 
±12 5 ;^ B i^MiitifzTm imAth Xgtfci -^T . 

[ u,54c j-u 1 7 ] mm istfziiie i>zim<D^m^ 
mwcommii&i^zis^^x . 

±m5mB^^i^mimtzjmtLx. p,N,As,sbi3 

XUB[<Ddib<^'J^-^j:<bhl-:>cr)7iM^m^fz^t^ 

mmk ti^mimmmmm. 
[ nmm 1 8 ] fi!f*ii 7nmn<7)\ ^-f ^^^^ i o tia 

mmTtmtLX. Ni,Co,Fe,Pd,Pt,Cut5j:t;Au(7) 

mco^mi^^wcommijmi,zi5^^x . 

_hiEieHm^^«M&^^°^-->'^'LT . _hfE«-f OvS 

JifE^SttfIiillffi^il{t§if:SXlSfc**t-|. 

mmmmm(ommijmi>zi5^ ^x . 

±iEISI'Htt^-^«M^^^°^'-:^y^'tT . ±iE3S^OS 
XlBy ^ - - y ^■ oXfStOf^ . Xf SvStt^iit5t3te ^ek 

Mt-sxsfc ^ir^i> ^ k i:mmti-^^wmw.<^m 

[0 0 0 1 ] 

m^^B^tLfz^^^nVt^-^ mmmm^mk txm^^fzm 
"f-mifz^mi^'^maxx/^i^mmifm^zm i . m^z 
mmmm^^i-^ms±^z^^»^titzmmh^yi^x^ 



[0002] 

w^commizmx. Ayxmcomimm±'^mmm± 

izm'\tm^j:mi'm!^tm^i)^^j: ^tixy^i. ^ti^ 

(7^'^mi.zm^^htim^^zii. mmmy^m^mm 
m\'-^6co:b^-m'=}xh s . mm^ioy^ m^mi^ kix 
« . ms^m^-^ m^mi^ ( a - s i ) ^> ^ s t ^ t ShI, 
m^-t^ir^m^mm-^^^^j:^h(D</)2-?iz±mtL 

[00 03 ] ±mwBi,my-^m^mmi. imumm 
< . mmxmm^mzimti ^ k mmxM.&'\i 
^zmts-fz)^. Mi.~m^izmv^^^tiX\-^i:h\ mm'&.m 
com^m^e^^:^i-i>dr^ m^mmzit^x^^^ x t ^ 

tii, m^Si^4m. m^ihir^mmimuix^^i, 
[0004] zii^^^B^^^i-mmm^-^ m^m 
mmii^mtLxii. 

(1) fs^mi^zmm^^i-m^mmf^mt^im 

(2) i^^um'^mi^mmmixm. u~^~^<7) 

(3) 4mm(^^»m^fmixm.m3^^^;u^~ 

mtimi^tixui>^ Lt^Lts:i?^. {Dmmx^t. ^ 
mmk nn^zm^Bittmm^ <^x. Mmm^'\i 

W£'^m&>mMti>mm.^\iz^m\z:i%'^xm- 

[000 5] t>t. (2)£7):trft-c-tt, JgBtSIftai^i^M 
H^rfts^^f jfflt-i> ^cft , >\mm:»m.mmmz% 

[00 06] (3)<7)*a;tt. (I),(2)c7)^ra;i; 

^mthk. m.n(r)^'^-\^,'mmzm-^xm\xh 

htf , 6 0 0 °CT- 3 0 B^rallSO^B^rBl t I. JlD»5!ttffl 

i/i. ^<7){3)<7)-}smxM. ISHmii 

^iRHmii t ^ I. . -oossaiiStta// m k mm 
±^ V ^^s,ifimzmt(7)M^Bxm^^^ . ±iE{ 2 ) 

t LTii. § ii.t 1 0 0 0°CfSET-®S#HMtTJlD» 
^mi:m-tXd^j:^mhmv^UiXV^^ij\ zayk%\z 
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t LT C> T F TI,ZtiUXm^W:1^mm 10 0c 

m 2 / V s m&(^M^ ■m^\t iM%^tLXim\ 

[0 0 0 7] Ztl^iOljmi^zMLX., ±fa(3)^o^a& 

® #M¥1 0-1 9 980 5-^^|g 
® #M¥1 0-20 0 1 1 3#^|g 

mxLtzmzimth ^t^zx ^m^i^^uitmd h<n 

[00 08] ^ffmm:^^B\tffy:Ai]-xM±. ±-f^m 
7m^:m.b Ltz^Mm3h^t^^m^zm^ , x<^Mx<^) 

a. mnmmf^^mi±m ( 3 ) coim xm^B^t i fz^ 

[ 0 0 0 g ] $ ±iB®,®to^rfettli, im'»,'r 

i m.ff-^-mzm\Kmzmmjm^mK txtrnt^z 
tt-\ \mm^^im'».'r^mi^<^^bLxnLfzt 

mmmx^fix ^ v^h. \z^msnmm}m^ tz 

W^ib^T. mm.ifi^^\<zmt£mMb^j:-yX\^ 

[0010] _hia®,0<7):^5£{±. ^COt #<7)^^a^W^ 

xj^f-yi,z\i.mh ^ fc T-\ mi5\^f<zm^u^^^^h 
mMffmmimi.^-:^\^{z^n. ft*^t:iSBi>(j!c 

[0011] fi#cWt;. ±ia®T-i±. MIS7u«#AMii 
MT^A Xi,z]t'<X4m^z^\m%tL. ^(DWM. 
mm^x VyA 7lMtM<l> j; oWMLXV^^. <zK 

{zi. D . mwm^zmxmitzmmTmii. ^<7Mmt 
m^znLxmji\^^ztM^B\^mm^L{^ti:h^. ^ 

^Ltz^Mii.. ^ m^¥u)^mmmw-iinm\ -> tz 



x-m^Ktzwmx'ii. mij^(nm^B^mmmh tz 
:i<nmm<^tM^u\iyAmmim\^x. ^mwmm.co 

^ru-^Xcri^mth^m-yXUh. 

ioQi2\tfz. ±.m>mm^z. m^imm^xm. 
m^WiktLx. m^^i^^^^^mmizanhm^'!^^ 

i^mtLx\^h. mz. ±ia®T-i±. mTmmtmm 

imo^mm^xmm t (^Mmm^ nmL. '^sL^m 

--ii\^m'mit^wMim^x . ^mw.mw(^mmm 

^mm-hXo^.zLx^'^h. 

[ 0 013] 0 1:. mmjtmrm^m^zmxth 

1 1 (1,4; y i mwMmmz^^nit-fh:Hm 

^ztM^Bim^z%htih "rA mwMm.\t. mmm. 

[00 14] 

t:. ±mi,<2)<nwmm\^xT¥Ti^^Lfzm^. 
-mi\z\f m^^\ ^ t ^.hixx V ^ t mm^m.m 
^mmLxim^fix^^h\<zhii-*f^h^^. m=?-'m.<7^ 
\ii^'^%¥)m.m±%\^^h¥ht^'ox^fz, m. 
+/X mws.<rmmxmm lt i j: ^ =5rT f Tmmt 

mmytc-^xx-^h ^ — tf-3t ^ ffl ^ ^is^^bt- t it 

^<-C ilJiRftlE-el) ^ t^ht^-^tz . fztz L . V- 

^-mm^^xi^^it-thnrnxu. ^C:>^zm.Hzii 
nh^cfuts:mm^^hMhhtz^. ^w-m\z^hb 

[00 1 5] <lc?)<lfc{i:. S^'na^t^MT. I*+Ximi^ 

taiiAii. igsm^^ m-m<^mm(mm^mx'h i> e 

BSP(Electron Backscattering Pattern) 'S^^A 

L. J:iB2 OCO®, ®fDl5W^fflV^T#fia$il^^lSEfHtt 

§iX^II«Mi^6 0 1 LT. ^tfOi^4MJ^6 0 1 X 

mtKfzmm^wMe 0 2i±. mmmb o i t^rtT 
{iiJ'S^e*l^i]^;l^i]# . 1*+^ mtg b ^A X(7)'gi^^ifmj^ 
x^ < m^j:mm(DvmmpAT. v^a yk^^o)605 
^i'si 4zmm Lh-oxm^^^tLxv^izk ^j^^^x m ^ 
t-^bt^-otz. ^(^rn^mm^ o 2rtt^*iiT-^Ht^.ti 
tz^mmtK m^aummt^ s k ^ ^ y 6 o 5 t-fe i> „ 

I IT-, m9\ziiV^X. 6 0 3{i:, lf^^tO$gH^HE£^t 
Il7n«t i. h miimm^u^^m . -mts:m^u^tfMzli. 
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[0016] mm<^TFT^Zt5lf^i-^:^^}mm<^^^ 

T . m+Ai mt V^ y^ ^ggif ^ S T F T t I ^ 

T . ^nm^^^ ^ ^v^MlgS^*^' fc-i^ l^' y T« § ti 

X . ±iE® , fflUT TFT* fM L /-c±i'^(C 

i>zmhmmmm^j:i.m.mM ymm^ 

[00171$ io t , .Ii^|f^[6]MH^Bjj^^MJit:*3{tl. 
O 2 t*f)T"$) S ^ h j^^jS^-? T V , 

[0018] ig«^oK^i:#Bimt:i3v^T. 

Y^4ymmcomi:mmmw:t^j:^. 
•c. i^m.'rAnmmy^mzx.^mmmt^wjihtz 

isb. Ziii.]^^^ym^^(Om^:i:'ommmW:b 

0 ^riSfPstt^ ^± § 3ijiD5!aiM^ o mm) 

[0019] a±cr,l 0 

ti-^TFTm^:m^fz^i^mmi,zi5\^x. ±fE®, 

kiiX'^^j:\\ 

[ 0 0 2 0 ] ^t^^Bj^^se^fi. ^^ffifj^ot 
*^'iJ'^^< . ^.&ifzmm^t^m'\m^j:^i^^m^ 
mm^tMz^ immmmi.zmmm^xm^'oco 
L tzmmy'^^xmm^j:^&'\tcom^ ^^wm. 

[0 0 2 1 ] 

mm^Wi^-thfzmmVi m.m'^rmkthfz 



a, ^^(fsM^^^ 9mz^<^M^B^m{wmhmw7m 

covgttffiiitc:i3 ft I. ^ A- ^^;t/®JStt . W£hmysm- ^ 

t^tmmm^Bm^zi: ^m^^tixv^hz t mmt 

LXv^h. 

[0022] if\mk(^m%nz^ 0 . i^sL'M.'rAmm^z 
mmm^mw.mzmxLx . mti\^^z^-<'Kjtmzm 
^B^^^^^tz^^^^^ A*m\i. -mmM^B-\tmx\pj: 
<. ma. m^^j:mijmv:<^ ymmbfzimzif 

!> ^ fc fz . z t^^is*^ t fc t;. ^mi^mmcom 
^n'lim-it^^iifmbLx z(r>wMmmi^m 
wx'ii . T F Tmm^coimmm ( v -x/ v u y$K 

tmMX'hti'^^)vm.^mi<nY^^ymts:m 
-Hm^t,ts:hmm^Bm xmm?^ z t x. ^ti^ti 
(7^mT(^y'f-^^^)vmmzii»h'^^BWi.. -tt^hh 
A y<7}m.^i^-\t^^. m^h Lxm^m(^'m&i 
i^-it-f^ h <^xh h . m^Bmt- ^> . rnnnmrnM^ l 
fz^m-TAmmn y^-mmysmmmh 
rrn-^\A-,h-h^. mm\z\mi^\\zm±xhh . z 
comm^ 'mi^mii . mmjumm^^xmyjmzm^B 
mz^fzm^it^^mma. mi^mm^x^v^^y 
i}^mmLxmm^tix^^i<DmmbLx. mmy^ 

±m^ziS:mx^ hbv^o *t-\ imzmmt^^^ ^ ^ . 
[0 0 23 ] ttz. ■i(r)^m(^^mit^m{i. mmm 
^:^tmmii>zm^^tirzm^B'\t^^mmmmM 
bLxm^-^tzm^mttz^i^mmxSi'ox. ±mm 
m'Sr-^mmii. 4mmy-^mmiz^m^mmim 
-rmmTtmrMimmxix . mmummmm 
iziQ'^xmifif^^z^^^BfS.^^^ifzhcoxh 0 . ±mm^ 
(^^mmmt^za ft s ^ ^ ^^/mmii . 2 m^c^m^j: h if 
1*1 J; m^B^m^fzm.m^BmM:mmi>zi mm^ 

[0024] ±iSffifi!t(7)^W#;gMt ±iBS^ 

(rM'mm(r)i-^^^!Hmii . mmitm^mtRmzm?^ 
LT . mmmmmm^ziii^xmif\fs]^z^^^Bf^^^^tz 

t<7)T* 0 . 2mii7)M^S*^ i mM^Bf^M^^tzM 

Wii^^Sii^mMi^zx mf&$tiXis^. 2 --M±m 
^xm^B yxmi^coi~^^^)mmtimj&^tix \ ^ 

hZtirMMl. ^tL^'tLi^mi'i^i-^^^/l'vmiziin 
i^-^t^titz^mi^mWt^j:^. 

[0 0 2 5 ] tfz. z<^mm(^)^mi^mmii. mmmm 
^^-tmmimf^^titzmssiiy-^mmm'mM 
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[0 0 26] iimm^mwmm^zxtai. ±ias^ 
o^sttfiJic^^^ ^^immii . mmitmrMtmizmx 

tffcua^fca. ^ti^'timiztMSi 
fs.^$itfz 2 -M^mifi^m^Bmmmiz^ o be 

0 ^ T iDJS t T I. ^ I. >r i: ^ !^ i: L T V ^ S „ 

[00 28] Ai^mmmm<^^mi^mm^zxtni. ±ib 

mx^j:<. mm-m^B^mm^^ii. m^mco 

mm X mmmi-ij--rmmizi^-itx^ h . 

[0029] ±jB^ vriLt?:)if£^f|;gM(ci:^^ >-C, 

Mx^^B\t^td-zmmti:i^^^'r^ mmz xmm 

itx^ mmt^^h. ^co^mt,zio^^xmmx'^ mm 

jtmcommbLXii. NU Co. Pe. Pd. Pt. Cu. 

Aumif^iti . zit^t-^mimfz-mttii±mL 

mm(D7tmx%tiif . imx'i^ikimM^D^^m o . 
tmm. ^mmMi^B'\tir^ m) ^x<r)T^m^j:m\i^tf^^ 
< . ^mi^^w^zm^m,%m^xmmmm^6:ztt^ 
T-^i>, Ltzi)^-ox. ^(T^^Bm^i^mrnxu. Itl 

ttix\-^imx%^. 

[0 0 3 0] tfz. -mmmm<^^mi^'^mii. ±fa# 
^B^y^ mm<^t$^Bit^im^mm7tmmi x% h 

Z}ii:mmhLXV^h., 

[0 0 3 1 ] iMm.mmm..^)^mwmmzi.ti\i. mm 
im^z N i ^m\^tz%i^^zmi>wmts:^mt)m ^tih ^ 



^)vt)^^t^tih. -t^shh. mmjmnm^xmm 

^^zwm L. ^cok^ m^Bmm^\ w^bW^t^ mm 
m^mi,z-m<7)mm<7)X o \<z^m lx . 4m'»,y^ m 

tt. lOCONih 2O£0SiT-NiSi2O^U^f^ 

msimma. m^^By4m<^^-4 "^^ymmtimz 
t^5. 40 6 kX'h'o. Mi^B u 3 y or ^ y 

mcOi-^l'miS. 4 3 0 AtC#^tCiffV^fl^ ^-3, j; 

^4 mm(7M^B'\iii X u'^m:kSsimm(^mmfmi:M. 

Lfzii^-^X. ZcoWMco^mwmmizio^^Xii.. Ni& 

[ 0 0 3 2 ] t -mimm<^^mi¥mmii.. ±iEvs 

tt^JittJtc|3{t§Nitf0^i^;&U XlOis-SXlQi^ 
at oms/cmS-C^S^t^^Hi: LTV^S, 

[0033] ±iESI#tff^^c?)^S*^«tcJ;ti!f. ±ie 

^ge^nisti+i^O N i (nifMif 5 V 1 0 1 ■? a t o m s / c 
^S/L ^. ,4; 0 o;-a.'C#>iLif , - 'J if ^ K k LX 

'^mm{trAmm)^mmummmmitz l . 

?tg>5)^'5X 1 Qi^at oms/cmSmTi^MTIi. Ni 

^ztc^xv^^k^t^tii,. ^<r)i.ommx\t. 

Ltzk% [zW&}L<7M^ii^^ ^fih. tfzrM{z.'{^ 

mm^^z-mfth n i (Dmrnt^ i x i o i ^ a t o m s 

+^^zmSiit$tifz k iimt Uir. i O^0I!OJM{4 

mm. ^^Bimco^0jMi>zt5^^x. 
WMco-^yyjvmn&mf^xo^xumm^^fzk ix 

fzi^^. 1 X 1 016 a t oms/cm3l;JTC0mztX 

^mm^i>z^ttixv^^Nmmij\ ixio^^^s 

X 1 Oi^at oms/cm3T-^5l>i:#t. Z^MW^ 
ft t ?I # tfi L/i«»Jfc ^-o T Ul> , 

[ 0 0 3 4 ] i /i. ;t^^0i!t^^W#cgMt^i^ii*a; 
\±. mmmm^^thmui.^ziim^tifz^^Bn'rA m 
m^mmMkLxm^^tzm=^imtfz^mw.mm.(nm 
msmxh-iX. m.^mm^^^hmui.^zi^SL'M. 
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iLtmmTmtmx^tix \ ^ts:\ ^mmz}L%mw.<n^m. 

mmz X -9 TiSaBg^j. L,/-^i±aB tt^^ ^^t?) 3 t,c73±iaii 
-^^\zmmsz^^fz%miz. ^i.^^< h hi^mw^ 
\mMxzmh'^^^-'mmk^mth x a Jitas 

[0 0 3 5] nmwmm.(rymmm[zu\\f . 

m^^mmtmmjmrm{mzm.x-th. ^ l 

m^mhti^utmiw^i. a i^mmzm^fihm: 
hht-^. msmrM. ^^mcmtmmx^fi 
tzm.tm^^t'^tifmz. mzm-(nmmmh t^h 
mAzm-^->x. mysh-ysx^omnnz^MLmw^ 
^h. ^t-c. ^m%%'K.momxnm\zmtfi. 
nz^^m.^uz^^m.y i mk&m^-^. ^^^< ^: i> 
m^<7^'mmmzmh^^ ^^jummmm-h ^tiz 
x-yx. m^<^i-^^^)mmii. mm(^v:<-!yi>zx'o 
fi-s ^ t fc^^ . ; (^^m#:mm<7)mmmx' 

itmtmj^^ti^rij'-ym^m^mt^mfxh d . 
m^z^mxA^-y^mnm< . m^mmi-iuzi, 
mi^zx^^xmm'h^. 

[0 0 3 6] tfz. -mmM(D^i^mmco^ifm 

i±. ±.mmM7€mmx^iifz$mt-^^tm:tj\f^<^ 

mzm^-^xm^. ±tii-^^^}mm(^^^mzi5\-^ 
X . m^xtij\^t^i^^^B^^^^fzmij\^m^B!^m. 
iiK^i^o*- y)^dxd i>zm. ^'ttzzb^rmmbLx^-^ 

[0 0 37] ±tmmmmcr)^mi^mmcommi]m^zj: 
mi. ±mmMjtmtm?^^titzm.m^}^^^tmij\^ 
^<^M^BfS.m . 'mzjfmt i> ^ ^^nmm t ti: 
hmm^'km'^bm^-^xmt^. ^-^^^ivmm(D^^ 
mxmti:hiim-^A^^Bf&.^^^tzmii\^(^yi^^B^m. 

IS*. ^*T^(nw^a. mmmzii--mmzv^-\t 

X% h o 



[ 0 0 3 8 ] s -mm^m<n^^wm.<7mm5'& 
a. ±fa#tiit©^^ 9M(^-%[zimmjmrmm 

{zmX-fhTM<ziiv^x , im^^BW.'rA S^itvx 

[0039] ntmmm<n'^-m^^W(mmm\zx 
m.. im'^^nm.yA mw^mmimrwm^zmx 

X ^ ^ ffl W> !> ^ 1 1 i; o T . # A ^ - > (7) )l':5-1 i^fc ,J; t^' 

MX' mmx^ 

[ 0 0 4 0 ] s fc. -mmBm<n^^m<nm-}im 
\t. m^:^nm^w&mfX'h-ox . ^(r)]E^nm 

[0041 ] ±Mmtmmmmi^mwmmijm^zx 
iiii. ±mmmjm^^^^BW^Ammi,zmiRmmx-t 

^b^co'7X^<7^J^^~ywmbLX. THWcMTIE 

mc^mMzmmjum^xLx . 
X. iE^nmm^co^mi}^^co^Mv^-^yt^^(DiE^ 

b 1^0*^-) T . i^-lz^M^Bm^tl . 

[0 0 4 2] ttz. -mimmc^^mi^mm^mmiim 

. J:IB#^<7)^^^.;kfI«t 

±i\hzb^mibLxv^h 
[0043] }:immm<^i^mwmwMik-}sm\zx 
hxt. iMmmmw^^:^'^m>mx'\±. ie^a 

-5 xt^s,fS.m^fzt^^Bm.mfj^^-)fj' 0 ^-o T . ^j'^^ < 
b hmmmfm±<^m^j:i v^a ypmaiho . 
z C0-7X ^crjtp'b^^conmmm^zmi'coi^ ^ ^^n-mm 
^SM:t6.ibx\ ^t^^^^^/L-wi. mmi^zmm<^ 

^SiV^4yi:^ts. 

[ 0 0 4 4 ] ZCO^E^nmMiO^X^COfp't^}^^ 

~t^j:hhMiSsf&M(^m^§^m^<^i-^^^jmmp^^z-t 
X d iz. z(D^mi^mm^mf&-ti ; t x. 

l> ISI'h K ^ ^ y i 0 til> ^ fc !> , ; 
SfligMT-a. »K±i7)i:i7)S^ ^ JIT ^ I5| Umb^j: 
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< \mx^ h „ zfL^m-mm-r i> t , a 6 (?) j; 

LX\^h. ISl6tfcV^T. 3 0 0(i7X^. 3 0 1liM 
ffiTcHc^SAffi^J. 3 0 2(4®fi!c^M«5. 3 0 3(4S,^ 

.3 0 5 i±H*fit^M^ !> e^ssi'B ( K y ) 

3 0 6i4#ffl*^ii.O|gaBggg^^^^^*^'9-&'3rJR^ 

t-sc^^t^if, 3 0 Titm^ffy'h^^-ivmMxh^. 
[ 0 0 4 5 ] -'mimm(7)^mwmm.!?^mmim 

[0046] nmtmmffy^mwmwc^ymmimizk 
mi. ±iE^x 9 ij^-sjimmAtxh h(nx. mi-v^ r 

xa^. imwMmzm^^coimnfzijt^x>.^cox. 
m=F]y-f r^hi/zmii'y vx^~xb^x^x\>^^. 
tfz. m^(o^mmmim^mxh^tz>ib. ^Eijm<7)^ 

Am-^X^ ^m\^t:.i%fj^zli . m 7 (CvT-t i -3 [z . x 
^4 0 0C0#43a;^^^.^)'cii€il.[^ffl(iH^©^')i|"C^ 

; 4 0 3*[6])tC[^^^-9-CiS^B!t;^§ii:/c|gJIMJi4 
0 2 0 T . 41^5 *4 0 6 *i?^fi!c§ ^iS fz 

46. ^^miI'^^<fci4ol.:t_h(;0M5rl.K;^-f V4 0 

MJi4 0 7i4. ftf£4 oiDM^I.ISHliF;^^ y-C«$ 

Lt--Lt£ifio. ^tiX%. m.%{>^^Ay-if\-)t.fz\t 

2 o) t ib^l, t . «i^tO#ffii^-tt{±^# < I^^IJl L . 

[ 0 0 4 7 ] ^ , -%mm(n^m^^wm&-hm 
\t. m.^xnmfmxh->x. ^conm^co^x^ 

[0048] ±imtmm(^'^mwmm.c^mmi'mz^ 
till. ±mmjtm(ryM^mx^x^n^~yh lt. 
mjE^mm-\%mHzmnmn^zmhxhh. -tts: 
bh. msiz^^txdiz. mmTtm^m^Bmy^mm^z 
mmmi^zmxt^ t^co^xi^corij^-ynmt lx. 
w-mm^z^xmm<^'?x^ 5 0 o^ffMt. ^omi 
c^mmsonzmmimimy^L. mmm^'t^ms 
0 6 tiSi^o^^ ^-n-mm 5 0 7 ^ t timt 



mmimitsw m^iz^-txo^z. ^t^^c^gp5 0 6 
{ziiv^x(?}79.v]mmt-^.Hm 5 0 30^^) ^ishIibi^ 
^^tzmmt^j^-^t- 0 -^-^^c (JK^ Ltz)m^m¥^ihfi 

<^t^ kmm^i,zm^^^}^± ix . m^f^m^^-:)t> 0 

■^oztxY^-^ ymmtxi ^ < coxm <. 

^i^f&M:mm^zt5v^x^^m-oxv^<</)xh^ . itz^j^ 

iS.mzim^j:1oiiL(D K ^ ^ y ^^^iim^^ 

[00 49] ttz. -mimm(^^mi^mm<^mmijm 

-:)ip^^'oxmm-t^bi,zx ^mi&^timmti^. 
^mm^coi-^^^jvmmb^xmm^^^z-^tii^ ; t ^ 

wmixi^i., 

[0050] ±immmmi?)^mi^mmMmiomizx 
iiii. ±Mmmm^x^m't^}^. -t^xhib. ish^hssc 

■^tti^xdi>zi-^^bx\ m=F-<7)i-^^^)vmm^i. m 

[ 0 0 5 1 ] i /s. -^tfefJ*Si^4^»f*^Mi7)M5t*a 

\i. mwm^mm>z^'^x mnz^m.^^'t 

fmmb^^mmM(^mmiz. smBp^mimtzTt 

m^:mA-tiTMb . i.m5mBi)-mmi-tzjtmm 
Aifzm. Mmmmizx-jx. ±M5m^ij^hm£hfz 
7mijmx^titz±ii^^B'\iyAmm<^mm^z±mm 
Tmmm^^txmb ^*-rs z b mmb ltv^ 
I. 

[0052] nm7tm^zx^i¥s,myAmmcDt$s,m 

(4, tirmm7tmb4^SsMirAmk(D>''J-^-! VKm^ 

mm^t. ^t£hh. m^^^^o)%Mz\i. n^zmm 

m.'rA nri'F.^ b ^^^B\thx\ ^ < %y.x% 1. „ ftif s^t 
m-fsmn^^^m^j^-jii^'^is'^x'm.-fh ; t djf^ 
m^fih^m)i^bvvoo)\i.^ ^a)me&m:%\,z%^ 

WM^^bLxm. ^(Di^otsimfj^^miif^^z^m 
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L\^-^^kTtc^\ ;iiA>to;^U^-f TFT 
[0 0 53] ztii^zMLX. :i<r,^mi^'£m<^WM1jm 

fdk. ^<^y-!mm^i^zm^^um7tm<n±m^i. 
mi'jfmmmmhcommizmfj^^i ztx\ zcorm 
^ft?^*LTi^s„ Mmm±. nmitmi'Z^i'^^Miiti 

^^mm t^xi mmm\-mM^z . 5 k b -fy^hMimtz 

i^zmMmmzm^-t^mmtm^ . ±m smBt-t^mii 
tifzTtmmx^tifzmmmm^'t^ ^ti^z^'o.m 

mmmznLxm¥Mt^± § v ^ u -9--^ Y^m(^mm 
7m^zm\,zMmx'h^. ^lt. 5mBjmi3mx^ 

=?-mmmmm-fi\i. m^}LizimM^mohi^m 

[ 0 0 5 4 ] t^c. -%m^m(^^wmm.cr)mm-)5m 
(±. ±iE 5 B i:>m\ffifz7m^Mx^hiLmzii\ ^ 
X. iMm^B^£^^*m<7^-m^zmmmm^mmi 

{zmx^hrMx-m^^fz-^x^m^^h - 1 mmt t 

[0 0 5 5] mmmmmco'=^mwmm.<nm.-nmhz^ 
mi. 5mBt-^miftirz7mimx-fi>h^<n^x^ 
bLx. 9t<niMx±imm7mrmmi^zmx-tht 

JDI ■ ffM-fl.£^^i.*< , TMffiX^ < S 1 1 L 

ts:^\ Lfzti^-^x. mmz-h--?mmi<mmjmA^\k 

[ 0 0 5 6 ] -mimm<^'^imw(^m-nm 
\i. ±ii5mB-h-^om\fixfz7mbLx . p,n,as, s 

hiiXlfB\a^oh(n'}f^j:<bhl^(n7m^m^^tz^b 

^immhLxuh. 

[00 57] iMm.mmm..^)^mwmm.ff^mm'mz^ 

As, Sb, Bi^^A,^{m/-C:^^^< 1 1 10f07C*&ffl 

v^h^bii^x% h . :ifi^i)^^mmitz-mtfz\mm 
mm.(^7mxhfi\i. mmm7mmmii<^m^^ 

izmixii. MzmLvmmmuixv^^j;v^t\ ^ti 
^</^7tm<^^xh . mh^^ii^m^^coiipxh^^t^j^ 



h-h^-^X^-^h. 

[ 0 0 5 8 ] iy;:, -mmBm(^y^wmmmM-nm 

AuCOd-hCO'M^K k t 1 O£07C*£fflV^/i; k 

[0059] ±$mmmmco^mi^^m<^mmijmizx 

tiit. IMiMMTtrnkLXNi. Co, Fe, Pd, Pt, 

cu, Aui)^ ^mimtz-mtfzmmmm<^7tmxhti 
H\ mM.xms,imM<^fmm o . mm. 

i,z&ir^m%m^j:mmmi:mt h^k t^x% 

X. miz^ ztLi^crMmytmc^y^Xh. Ni^fflu/s*! 

^^^zMi^mMtc^mm^M „ 
[ 0 0 6 0] ttz. -mtmmc^^mi^mmc^mMijm 

irij^--yyix. ±mm^i^) im±mm i Bm- h x 

mcj;-5T. }Ltmmimm^mit^^i>iMk^ 

^•ftZkmmkLX\^t. 

[006 1 ] mmmm(^'^mw?m.(^M)mjmzi 
fiii. %m7m{zi.ri^^it^iifzym)mtr^i\i^i: 
j;'9[^_hL. '^mm.W(^'m. m^zvMmmmnii. 
^\P\}L^^^iimkLx. ^^^^"rAmmtmMM^z 
iim^it^^. m^mmm^)^^--yi^Ltz 
"^hizmimm^xmrnmrn^y. ±us;sttM 

dk. Mitmi^zx'o^tmmmsiM^t^ir^mm 
^^m^^ti. ^tii^ibK ^^mm^m^xmm^z 
^*fig-^¥ ; yyyuyyt^y]')t,zxm^. xm^ 
MM$-tti> zkt''X^ h . zti^zi. 0 . mmim^zx 0 
■^^B\t^ixtz'rAmm^^x^mmj^±^ < im^ti. 
fmmpxmi>zm±.i-^. zco^w.. ^mi^mmmm 
iiimmt,z\^±'t^. mi>z. mmTmi^zx'o^^B^.m 
^tfz'Sr-^mmu. mm^(^^^^y hv~mmxmi&^ 
it. m^commmmmm^e\iti^B:mfzi^. m 
ncommfi.^<7)^^ mm^zitKx . z commmi^xx 

[0062] i-^xhib. mnmmmmy^mmx 

(i. M^BXm^:^miz^/oX\^lfz)^. j&^^rDO^tt 

mmmim\^fz^^^BfS.M:mxhmm^i 0-199 
8 0 5^4.^ig^ft^ff 10-20011 s^-^mc^mm 
t;. z(^mmzxuM^BVt\^±wmmmifzmi^Hz 
a. ^Si^^^mm^miimzx^. mitu~hij^x% 
<mt(:ifzi^. yosssfHttton^ J; 'ommm 

*i:^cO. mi'mVt(7)i£i^-?^ii4mz±%<^j:l. 

[00 63 ] i(r)^mi^mmc^Mmiimxu. i-^^^ji- 
$m^^zmmcomt:m^BY^^ y^:i^tstzi!b. mitu 
-hm'iM^B ^ yxii^-?^ . ^ yrait^ms 
com^wx'ox%<^j:-^xi,. m^<^^t^mm^zisn 
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[ 0 0 6 4 ] t . -SW^fficD^Sfr^gOg^^S 

[0 0 6 5] mmmm.oy^m^w^m.ommsmzi. 
ui. iM.om\t-}smm\z^ r_ommziiv^x. m« 

wit j; n^oM'mm^>^^--y 

mmML. ^mmi^uz\^±^^^ijmm 
I. m^B'\t'y^mmt,z]y~i'~mmmmMLfz^ 

^ - SpPntt. ^ ^ mm k ^eTh^! y^mmt mir^.comm^.^ 

m^mzmm^timxhitiK mniommf^^m-c-m 

^tnztt^. mmTtm^mx i xm^ait^ritzm^uity 

mmi^zm-^fziib. ^^mM^zx mmmmmm 
^ti. 4¥mzmmm^^mmm%i^tii. tfz. 
Tt^m^B^^^mmiznix i^-i^-^m^^ocoxh 

[0 0 6 6] Lj&^L=srj&-'^>. mMcofmTtmm^^fz^ 
mM:mThmm'?- 1 o - 1 9 9 s o s^^^ig^m 

T 1 0 - 2 0 0 1 1 3^^Jimcom^^Z^ itOlx— f-^ 

^yemmzxu:^M,-m±miimmLtziv^izii , r 
--^i^mxh^u—f-m^m^mzntx. mi^miz 
X mmmmtm^xtfzib. ycom^Mcom^:^ 

[0 0 67] Mznixi(7)^mt^^m<^)mmiomx 
ii. i^^'^^jmmmzmmcom^j:m^BV^^y^'^ts 
tzKb. v&mmtimM^BV^-(yxish-j^. v^-^y 

[0 0 68] 



[0069] (mi Umis ) ; c^)WMM 1 ^M^FJ 
T(iT ^ X ^ 7'V f u ^ xaOjlH^H^^^SEtO K 5 ^ A- 

mi't Lxmm-t^ ^ t i> „ ^^^m i ^iw^ 
TjtoNMT F T ^ #tc%-t;{iHS-ri> !> m^Bm 

[00 70] 01 (A)-(C),H2(A),(B)ii..I(7)milHit 

§tLS;&i. ;<7)®lSIJ)t?^«sT1±. 3tTX4?^J<7)l 2ffl 
COTFTt»<kLTiMHJt-|.o 

[007 1 ] t/i, 03(A)-(F)a, mnzt-m?^im 
(^n-jff)TFT^zisniiu-ui mfj' h miwrnrnxh 
0 . 03 (A)-(F)o)it L^c;^^'^ xi'^mi.mmjmn 

[00 72] t-f, ll3(A)t^-rJ;a(C. 

1 0 1 ±izM/Jix>i -^ 9 u yfmizX -->TI¥§ 3 0 0 

- 5 0 0 11 ii,f-^.Ei7)ffifi:^ ^ m^h^^ \'im 1 0 2 ^ 
ffM-ri. « z mit^ A mm^^ i^tah i o 2 !± . 
i^'7:f<mss^ih>mm&<^^^'km<fzmzm^h. 

§ 2 0-8 0 nm(Mi.{f 3 5 nm)c^*tt( I 
«^^S)l(a-SiM)10 3&fiScM^I>. ^i?)mi^ 

Ma^&3 0 0°CtL. 7.^mf\ 
RF^^V-W^V-^JS?:1 0-2 0 0m 

W/ c m2 mUi^ 0 mW/ c ) L/S „ . a - 
SiHl 0 3±(Cigfl:^r^S^t/-^{iS^t^r^^^^iO 

ij^- LT ^ 1 0 4 ^ mm^ . zc^mi mimmi^za 
v^Tfi. 1 0 4iOWi. K^l:^>f«li^fflv\ 

TEOSdetra Ethoxy ortho Si licate) ^Hl^fc L. 

sssfc 1 1 (cRFT^xvcvDa^T-^^ft? ■ mmitz. 

ZC0~7X^ 1 0 4C0m^li. 1 0 0 nm— 4 0 0 nmt- 

hi^t^^mtK. .i(^mi mmmmxn . ±iimit 

^4mmcom$^l SOnmkttz. tfz. -7X^10 
4cr,J^9~ymm±. HI (A)t^t-^Rff^fcL/-Co 0 
1 {A)t-^^^hi)-^lXo^Z^ 'mzim^tLl 1 2fflt^TF 
T (0 2 (B) ^Z^-t) ^ZMLX. -77.^10 4 ffi^fl^fl 
1 2mm ^Kh,. VX^ 1 Q AXWhKXV^tj:v,^^ 
tCi^^^Ta-SiMl 0 3*^SMLTUI>„ 
[0073]i*:t;. a-SiMl 03*5 iWX^Ml 
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-SiJll 0 3,VX^' 1 04±tfmL. Xb°■;^-fcj; 

LXmw^fifz a-SiMl03*ij; U-^X 9 10 A 

mm^^):^ -y ^^7^^is^^Rl^®3fexll•«■tjf (TRXR 

F)&t:J; M'^-fh fc. 2XlOi3atoms/cm2 

[ 0 0 7 4 ] ^ LT. ^(7Mmx-^(7mmi:T-^^mm 
%mmmmmm.)y'(:' . 5 3 o-6 o or 

5 7 0 °C) T-4 [f#^H^T--;^-rl. ^ j; D a - 
SiMl 0 3^Si!iHlj^k§1tl>„ V^:;'104 

m-m ium- y ^)VPW-M^titz$m) a - s i 

OStiiU-Cfi:, a-SiJll 0 3^ffit:#ftf 'g.-'y 
0 5 ^l^i: LT a - S iM 1 0 3 

D . mmy^ 0 3 a mi^nm^ii^ . ^ t 

1 0 4TtO^JiTii. 01 (A)i3 

J; t^'El 3 (B) ^zti \^X. ^mi0 6 T^.tX oiz-^x^ 
1 0 4O^^ll4:|ti*^'5T. ^i.z^^nit^titz'rAmmm. 

mo3 a^t-m-nmw&b^^t£ii^)\,zmm.m- 
'ijhfih. ^Lx. m^miiZ. o 6(r)-^^<Dm)i 
'?x9ioA<D^'bmzm.L. -7X9 
1 0 4 -mmfj\^m^B^mMxhu$^^\'t'rA mm i 
0 3b xmsbf$< ^fi. m-)5\pmmMifm.Lfz t >i 

Zcob^. vXi? 1 0 4_ht#ftf -&-"y^7H 0 5 

ii. -7;^^ 1 04(;ia^ii, -7X9 1 04cOTIiOa- 
s i )l^iiiiJ3i-^ # , Itg- -/ >-/L^*'lfsSD § ixfzmm\z 
ii\-^xmK^fLtz--y'r)Vl 05(r}MzX^ a-sm 

{QOis'imz. ia3(c)t;^t-j;at;. S^ioi 

Ji^J; DUyi 0 7^^ffit^^y^--b°y^'-ri,, ; 
ot^ouyi 0 7(7} V~\i:yy'mVc LTii. Mm 
J±&5-10kVhL. t:-XM^5x 1 015-1 X 1 
OiScm-^hUCo iOXStiO. ffiMLTV^S^J^ 
Oigam^-^ *J11 0 3 a (03 (B) {Zy^-f) {Z U 

ALT. ^jyY-r^Kfzm^B^y-immmi o 3a^ 
ffM-ti>„ ^7.9ioA^zx-^xm.btix\-^hm 

m^'^^B^'rA 1 0 3 b (0 3 (B) t^^) U 
yttK-h°yi^-$tL^ri\ THWttt, 0l(B)tfcv^ 
TffMT'5^§tL/igE^<7)^«att^^«M«Jl 0 3At:U 

yi 0 7/^)^^■-b°y^■■$i^|,, 
[0 0 7 6] ^LT. ^(r)^f.mx\ ;oaK^^vgft» 
fflM{MiH'a3ll?fflM)Tt;T 5 0 0-70 0°CO^£S 

mmxu. -mt lt 6 o o°ct;T 6B§rBit^5jaji^fi-^ 

o ^ t^jDiiMiltfcV . li^ialrtt^-^ M^M 1 0 3 A 



t ^■-b°y ^-^^i/i U y 1 0 7 ^^(T^m^u^'rA 
l0 3k^zn~fh=~'y'r)V^:t-thy'yr^h. 

01 (B),03(C)t^-rj;5t. §A>tvX^10 
4Ti7)SHm^^ ^Ml 0 3 b . fttgH^HE!c^li#^OJR 
S.*l 0 3 c\<Z-^LX\^h-^y^)Vl 0 5^^m 0 

mz^ HDcoSHm^^^Sfliil 0 3A^t5l§tti^. 

1 0 AT(r)m^u\i'rAmm 1 0 3 bfl 

mi^za^^h ~ ■/ "rMmiiiz^ < i&m-ti . .i(^k^</^ 
mmm^B^^^ *ii i o 3 b 4^^0:1 ^Mm^z.^ 
A ^ymM.mm s i m s ) i o as l/s t ^ ^ . 5 

Xl0i6atoms/cm3|im:tT-ffiM§tl/-C, ^ 

cOSffHtt^^ 10 3b 'y "rMwmt. 5 x 

1 Qi^-l X 1 Oisa t oms/cm3|iE-C-fe-?/S„ 

[oo77]jj^tc. '7X9hLxm^tzm'c'TAmm.o^ 

vx^ 1 0 4Srx.y^y^''|^t-.g.o x.y^^yhtL 
T(±. Tii;7)^-<Slil 0 3i:+*t®il?tt(7)afe§ l : 
1 0VS-.y7r-h'7>yK(BHF)^fflV\ ^x'y bX>y 

^y^-tJ:D^To/-., 

[0078] 'rt^>ft- -7X7 1 0 4 tS^^^lT I ^/ifM 

<mm.'rAnmo3\i^m^. ^'r^'^mm^m 
<7^'rAwmwkLxwfmm&''^^ . ^t^h%. _h 

lElSt i 0 . 0 1 (0 t;s^-r J: a =SrffiMT\ "rA 
1 0 3bc7)M^&fflV^T. f*tTFTi^vgttMli(y- 

1 0 9 ^ J^figf I. „ ^ C?) t # . ^^iDjS^tt^r 

igH^HB!c:^<7)JK^;S 1 0 3 c (03 (B) , {Q\,Z7^-tW^t. 

fihi.o\,z. %wmm.'rAmw\0 9^^m.x\^ 

^cOiattT. 02(B)t3j;t>'03(D)t?)4m3&^# 
[0079] 03 (D) t^^-r J: a I/-- !f-3K 

1 1 0 mm-h 1 b x-mmm t ^i. m^mm^r 

^«lil0 9O|gHm*§'^t^Ji§^l>o ZC')t^CO 
U-^-ytt LTii. XeClX^i- Vl.-f^-(i^^3 

0 8nm, yVl/XlS4 0 n s e c)^fflV^yi„ 
msgl+^l^ii. B§ltB#ta«^ 2 0 0-4 5 0°C(M 
i.{f 4 0 0°C)tML. x^->;l/=ar'-^^2 5 0-4 5 
OmJ/cm2(M;itf3 5 Om J/c mZ)^^^/^^ 
t/i. f-3KOb-i.-tf^Xa. mul 0 mHT- 

1 5 0mmX lmmtO^Xff^4^t5:l> 

iJD. ;g#*^t;MLTSlt*^t;0. 0 Smmt^Xx 

^mmi 0 9<7)fi:tt0— It2 OHOIx— tf' 

[0080] mz. 03 (E) tC^K^j: a tc. ±iE^Sttffi 
1 5:l> S«0$g(fHtt^r^ 1 0 9 5 j; 5 tifS 

2 0-1 5 0 nm(MiH'l 0 0 nm)<7Mitir^ 

y~hmmmi 1 1 1 LXfmti>. s-ft^-^ 
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SMOffMt^lfi. TEOS(Tetra Ethoxy ortho Silica 

te)^m^tL. mmtth^zmml^m 50-600 

°C mt L < (i: 3 0 0 — 4 5 0 °C) T\ R F TyX^? C V 

y y ^'X i: i: ^, tMJiC V D S ^, L < ii^JlC V D St; 
X-yX. SS?SS^3 5 0-6 0 0°C(&it<(44 0 

bbliZ^ ^^Stt;!?'x#HmTT'4 0 0-6 0 0°CT 1 ~4 

[0 08 1 ] -ji^m^^x. x^^"/^uy^mzx-,x. 

if §4 0 0 — 8 0 0 nmimme 0 0 nm)cr)TH^- 

jiffit^K^bitiji 1 1 4 ^ffM^-^ o z</)^mhm3 (E) 

tfflS-rSo ±tE^'-b«®l 1 3(4. ^H6<Jt;(4^'- 

m2(K)^z^-fiiommbts:-'X\^l^ 
t ^ t':)|;g«(itft(i , iWrnifi 1 - 5 i iii^x ^ > 

7' u 3 ffi^T-ffv \ mn-'Mxm.' 2 2ovtx 
mmm. ^<^^x'mmmLxm^^t . ^ 
0 Lxn^tifzm^mmi 1 4<Dm^it2o onmxh 

^ !> iOT-\ ^ 7 -fe V b b M^cT)^ § ^±immm 

[0 082] JXfc. -f^>'K-b°yi7-Stj;'3T. 
hmm 1 1 3 fc ^OJiffli^MttM 1 1 4 Sr^X^ i: t 
■C?SttffiJi{^WStrHtt^^*M 1 0 9)c^-g|5(3^|i6 
t)(Uy)^aAri.« ¥~t°yy:f}XtLX7^xy^ 
>'(PH3)^ffll\ M«ffi&6 0-9 0kV(flU(f8 
OkV), X 1 015--8X 1 0i5cm-2(M 

i.{f2x 1 oi5cm-2)t-fl.o zcoxmz^y)^ 

mfmA^tltzWMl 1 6, 1 1 7(4, mtTFTcOV 

mmcomitm 1 1 4 tvx ^Mw-m^^i 

^V^ffiiil 1 5i4. mtTFT<7)^^^;l.$Ii^t5rl.« 

[0 0 83] ^Ofl. m3(E)l,Z9ik~tXdl>Z^ ^'-^f- 

1 8t^m;J;-oTr--;L'^ffv\ ^^ySAt 

ffifflt-|>^-f^-fc tTiiXeClxdr^-Vl^-^f- 
(i^^;l3 0 8 nm, ^Vl-Xf^A 0 n s e c)SrfflV\ X:^- 
Jl-^'-m&l 5 0— 4 0 0mJ/cm2(ift L<f42 0 
0-2 5 0mJ/cm2)T-W^^T3, ^ 3 LTffM§ 

^i/iNs^MirijCjy)^!^! 16,11 ico^—mm 

i4. 2 0 0-8 0 OQ/DT-fe-o/S^ 
[0 0 84] m^X. ia3(F)tS^t-J;dt. J¥§6 0 



0 nmgE^oai<k^^SJK^)ttta^i:^-<*)i^iiFHiffi 
t{4. TEOS^JICflt LT, ztikmmtcoryx^ 

cvDmn^L<i±tvykcoms:cvDmttzi±^j± 
cYDm)i>zx-oxmmtiif. ^mmmmzmtitzS: 

fwx h LTT^xv c vx^'ii.x^m^titzm.it'rA m 

[0 08 5] mz. mfmmmi 1 9t;ay^'^b;^- 

--0 i^c^yz.mm^zX'yXTFTcDv -xmmwm 1 2 
mmm-thff^mitth gw^^■^■y rut t-cisft 

^„ ;C0TFT1 2 3{i, liSmffi^X^ -y^y^-^S 

*-fT-3^§c^T\ i,o-ij<7^Yv^ymmz\t. I TO 

ll2(B)tfcViT. y-xA-x^-< y(y-x«®i 

2 0 ) LT b'T^fi^;O^W§ ^1, y~ V^^Xy^ 

y{f-hnmi 1 3)iD^^'-hfi-^t:S'3\^Tli3l«ffi 
i2ii,Z'&-m:mMtm^v-t.iit(^xht, ^Lxm 
mz^ i%w.<^7mnm%x'3 5 o°c, in^<r,T-~ 

iai(E),ia3(F)t;:S^-rTFTl 2 3S:^B!c 
^ ^\>Z'm^Z)BtX . TFT123^%mth 

um\ TFT 1 23 ii.zWit'r^mm't-^^^mm 
mmifXhxw 

[0086] ±iET F T 1 2 3 ^7)^£ttM^^?)^-v ^Vl/M 
mi 1 5{4. 1i^oM=5rl.ffi:tfi>?)^^.=5r-?.a^^fe^HPT- 

tIit^^)SBljfi!tJltM(c j; m^^ix. § '5 (c . 2 lU±i?) 

TFTi 2 3(7^^-r^^)]MmziinhmmM. -ttsh 

hYy^A y(7^^,ii'^-\t^^. ISmt LTSKJiO# 
T F TWm^ii^-itthC^yX' , T F TraltO^ltif 

[ 0 0 8 7 ] ^ . ; 1 »tff^^.^^^^*^««0^ 

WMzLtzt^-yX^mLfzT F Ti4. 

5 0cmVVsgS. L V MimJI:^^" 2 VgS fc 
#^mffit^T-J) S t A, T ^ X ^ 7-v F U 

0%m&. tl=V«J±T-+0.2VgSMfctT4 
0 0 X 3 2 0 m m (JO-tf X ^ ffl t \ SKF^ 3 0 * £ aijg 

<r)'=^mi^mwy^-)im{zi. ^\m^titzi^ii{z\i. is 
hI, a yif^m'mxA.t^ < {f , mmm^m 
i4+ 5 0 #^t;A# < . L ^ ufi 

€ffit2 + 0. 5-1.0 Vi7)liHT-±^ < ii^--JV^fz . 
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[0 0 88] Ltzif-^x. z<7}mimmmm<n'mwm 
mxu . m^zT F Tt^^ttif ^,-5 # iimz±^ ^^m^t- 

mizmmt t f Ti\-ymmT<D u~^nm<Dmizi5 

^kmmmipAmmi^ztf^j~^miti^:imT^ . m 

[0089]^LT. Cl^omi ^W^BtS-^'V ^Tff^P 

mm Lfzb^b. tm<7^ t i^t^ib^-rn^Ktf Avh§ 

TFTOU-^€^Itj;SliS:XFll^1iftT^^<jr 
C:>tLfz. ^fc. ^omi?^ttffl»j:l>TFTc7;).MjiX 

^{±, T^T^ y'-7 V 9 xmrnc^mmmmmmzm 

jefflT'#. ^<Dm^\,z\i^~\-W&±i<zay^^\.t^~ 

[0 0 90] {w,2mmm) zc^wR^m^-^tz'm2m, 
mm.o)^¥smxii , r^r^y'^h'j^ xm(7ym 

m-hnwvFThPWTFT^-mm^zm^Ltzcm 
o smm<Dmm^-mmxmu}i'<z^mt^iM\.z-:> 

[ 0 0 9 1 ] 04 {k)--'{Q\±(iffm2mm\mximt 
I, T F TmmjM(nim^^<t^mmx% •9.04 
{k)'-'{z)(D]mziLmm^-th. ttz. H5(A)-(G){i 

[0 0 9 2] t-f. msm^z^.ti-o^z^ 

S«2 0 1 O|lffi^ffiiiEc07 >y^bK«K-C-gfe?f L?^c 
ft. 5^;^7xaK2 0 1 _ht. gjjic VDSt/iiiT 
7XVCVD^t:J;-?T. JJS4 0-1 0 0nm(Mi 

if 5 5 n m) I S) O^h^hW^^ *M( a - S iM) 

2 0 3 ^E£Mt-|> o 

[0 0 9 3] J^t;, a-SiM2 0 3±t;^jl:^-^gSM 
L T ^ 2 0 4 ^mL-fh . >! 2 HJtJ^^^T 

i±. vx^'2 0 4offMtt. mt'rAmm^m^^. te 

OS{Tetra Ethoxy Ortho Silicate) t, StS 

t i tRFT^XvC VDS^T-^ ■ it«Lfc» JilB 
-7^^' 2 0 4t?)J¥§{i;. 1 OOnm— 4 00nmt'Sfe.& 

imOifS^ 1 5 0 nmt L/to tfz. -7X^20 4(0 
^i^-ymm. H4 (A) i^z^^^X 0 tc. ^lE^fE^fc L 

tz. mA{k)f^t:>ht-hiio^z^ mzim^Khnma 

j;t^-pStO#TFTt)^LT, VX^'2 04^mm 
^I'olSftTUli^ ^t^VX^'2 0 4T-S;bixTV^^ 
V . a - S iK 2 0 3 tm^^tlX 



[0 0 94] JiiBvX^2 0 4&ig(t^v:ft. ;cOa-S 
1112 0 3i3j;lA'^X^'2 0 4^H^;--y^^;^2 0 

0WmSi:l.^a»^°'7-^:T. aSMiMait^2 0 0 

Omm/m 1 n t^Sf^feT >y U y^-^^Sa^^f -o 

/So x7^°-y^yy^'■■^■xfc tTar;^r^■>^ 

fflt . 'y V b ^zMlXXJ t -y ^ u y^- 

mm'xmi^ 1 0 P aiil±t±(f I, ; h T-\ - -y 
(7)®ffi}iJKX7N°>y^U y^ii^t^ttsh. ^<7}^o{ZL 
XX)-^'v9^)yi^'^tifz~y'r)V2 0 5i±. 05 (A) T- 

^\ M^a^^-Dc^^°y-4ow,r;^3■>^■xl±l 8P 
a£o*frT-x7 N° .y ^ 'J y ^-^ o tztz^. w^mmi. 

(VX^2 04i:ffiMLTV^|,a-Sijl2 0 3)tf0->y 
^^l-MiSX 1 Qisat oms/cm2g^(TRXR 

Fm^Wixh-ofz. 

[ 0 0 9 5 ] ^ LT. ^<7^'mx'^tii^-^'mm% 
{mMmm%)Tx\ tm&ms 3 0-6 oo-cmm 

5 1Q'C)XA^mT-~)VLX. a-SiJl2 0 3^IS 

M:^^i> . zcot^. -7x^20 4 mm mm- >■/ 

^M^mn § tlfzWm c?)a-Si|i203t3*5V^T{±. 
a - S i K 2 0 3 limzrr-iL-tl- yy)V2 0 5^mb 
LX a - s i K 2 0 3 ay^^Mmz. D , ISh^^^^ « 
li2O3a>0^'i-fffM§il^« ^tT. ?l#icl^T?X 
:^'2 0 4T^7)ffii^T1i. 04 (A)i3 itXHS (B) ttJV^ 

^EP2 0 6t=*-rj;otVX^2 0 4«04i'll^t=[^;5^ 
':>T, 3fet:IS^4t$ii/^^^-^*)lMJ?^2 0 3 a*^;i>M^ 

2 0 4tfO#ffl;&^^.ISa^HB£*Sii::^^fIi^^iiio 
D T . $Sh^hJ^^^^ 2 0 3c ififM^ Kt.m 
t;. 7;^^'2 0 4O4iC^gET-(i. 4oc?)2l7!)^(i>|S^)ig^ 

^^fz A-^mMmmffi^-^fj- ^o^o. ^lx^mm 

e^(c , 2 0 4tOTffliJ{ilt^j^lSHliB!c^fI«T-|)l> 

mit^^^^M2 0 3b-C-S*^^<$tll>. 

VX^2 0 4_ht#S-r'g.-'y^^;I^2 0 5{i. ^X^2 

0 4m^^i. TM^^a-sin^fiiijiHir-f. mm- 

^vyivmmi^fitz%M{ziiv^xmxmifz=^ -y ^^;^2 

0 5 i D a - S iM 2 0 3 t^lSI'H^t^^io^l !> „ 
[00 96 ] H5(C)t^^j;5 aK2 0 1 

±* i u y 2 0 7 ^ ^Ht;^ ^y ^-ty^■■f « .i 

i^t^iOUy207t^ K -b° y ^-^ff LT « . im% 
E^S-l OkVhL. b--XM&5x 1 015 — 1 X 1 

oi6cm-2fcL/s„ ^t^istcj: 0. mm.Lxv^hmm 
<nm^u>i&y ^ 2 0 3 a y y ^ LT . y y ^ - 

T§il/-c|gHm^^^SfI«2 0 3A&ffMt-|>o 
v;^;'204tcj:-9T S;btiT ^ ^ h ^Mm^^JiiyA m 
Ii2 0 3bt;(±. yya^■-h°y^■■§i^^r^^. ¥HWt; 
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(i. 1214 {B)izm^xmmT7r.^iifzS^j^m^B\t^-^ 

mmm 2 o 3 Ate u y 2 o 7 v-fy^^'^tii , 
[0 0 9 7] ^LT. .imimx\ zti^rr^mmmm 
{mnmmMmM)rizx 5 0 0-7 0 o^ccois^Tm 

T'ji. -mt LX60 o'azx6mm<^^m^n-o fz. 

z. (oMmmm^zii v , Sh^bS^-^ mmm 2 0 3 At ^■ 
- b° y § y y 2 0 7 ^ i^sssiitt mmm 2 0 

3Atc#4t-|>-v^-;U^*-rb7v7°-ri.„ ^LT. 
H4(B),ia5(c)t:^f §^>tVXi?2 0 4T 

i^lSI'stt^^ 2 0 3 b . ^ fC!^tM^)^;a^#2 

0 3c tC#4tTV^S- v^r;l/2 0 5 ^3^Eri2 0 St^^K 
^^j ^ (^5:i9tb^feO$gHliJ5a^ 2 0 6 h 3i^fS]) (c , @ D 

o$g(fHtt^^^ mmm 2 o 3 a^^ ?i # ta-r , ioiss, 

VX^' 2 0 4Ti^li!iHljtt^-^SM2 0 3 bMii(Cji(tl> 

^^-( «^2 0 3 b 430- -y ^}mmi~m^ ^y^* 

Wit j; D - 'y ^r;UJlJt^fgM^I.XgMO^H^Htty 
^ 2 0 3 b y ^Mm^i 5 X 1 0 1 ^-^ 1 X 

1 0i8atoms/cm3gm-C35)'5fc„ 

[ 0 0 9 8 ] . ^ t LTfflv ^tzm-itdr^ mm 2 

0 4^xv^y^^|^i-rs, Xv^^ybi:LT(±. T 
M<^^^mm 0 3 i:+*tjiS?tt(7)3fe|, 1 : 1 OJ^^v 
7r-K7-yK(BHF)&ffll\ '^x -y bX>y^y^'t 

[0 0 9 9] -?-<7)1t. H5(D)t;:S^t-J;at. -7^^ 2 

0 4TO^Hm^-<*Jl2 0 3b^ffll-iT. f^tTFT 
9n,209pl:SL, Wm^fiM^x vf-y^/l^ 

114 (c) ts^-fj; 0 mmx\ m^B^'y^mm2 o 3 b 

iOMii ^fflv , mzT F T <7)^gttMJi ( y-x/ K 1^ 

^ yfl«. ^vPflli) t ^: I. S«omit «M 
209n,209p ^ffM^SOT'S)!) , IC^J t ^ , S 
^^ISHitt^-^ SlM209n,209p |^Oft*|S^)t^ 
-»r^-.;l'^j^2 1 5 i:=S:l.nl««t. vx^' 2 0 4co^m^ 

^(04-:>m^B^mim}^ 2 o 3 c (h 5 (b) t^^-r) 

(c) it^M 5 (D) cry^mtm^ti^^ . 

[ 0 1 0 0 ] ^^t, 05 (E) t^t- j: 5 t, JliB^S'ltlI 
fc ^ !> mict^lSfPHtt^-^ 3lM209n,209p^a 

2 1 1 fcLTEgM^i., zcom2mmmmxu.. 
mmm2ii</)f&mifmkix. siH.^-xhN^o^- 

X^iI*^fcLT850 'C(rxi^mzii \^xm&CVD St 

[ 0 1 0 1 ] i^t. mtmx\ wmiM^BVt^ 
^3i)i209n,209p izMLxm-itmmu^xcom 



mff^mimmuxh^. ^(^m2mmmmxn. im 

1 0 o°c;?)i-sf s L< . zcom2mmmmxn 9 5 o-az 
x^m^n-yfz. 

[0 1 02] ;c7)J:d^r^frT. 2mm3 0^(Dr:^~ 

ivmdzbx. y~Hmm2 1 i^mmf^mm^ 

m I . TMi^mmiMihVtir.^ 3lM209n,209p 

X\ m^cOgHm^^^ SM209n,209 pUffitl^ 
5 0nmt?)g|jl:)l2 1 2 n , 2 1 2 p , 

i^i*- m-mti}S&ir^mm2 o 9 n , 2 o 9 p omw 

{i:%]fi|C0 5 5 nm;0^/i,3 0nmtMii'-ri>o ^/-C. TP 

TkLxc^)y-Hmmit. cvotiOffMSii/iS 

ft)l2 1 1 fc ^^tt?)ISHl.tt^^^ ^M209n,209p 

<^mmiuz^ mf&^irfzmim2 1 2ozJi-c-«$ 

mii. is^mmtK£^mm^mL^^mm2 0 9 
n, 2 0 9 p tm^^mmcommzi: m^m2 1 2 

fc-eiiijssii, mm?,mmmmu-a._ $A>t. t 
isit-ftist i D . &m)i^iihv^^'imm2 0 9 n, 2 
0 9 poli45^^>riS^(^>^-u y^'-^ii'y K){±^tltffi 

0 nmmmtwzm^m^^y^mm^zxm'\^ 

mm2 0 9H,2 0 9?bmt't^. 
[0103] 05 (F) t^-t-.J; ) t . 

-y ^' U y^^'St i oTJ¥§ 400-8 00nm (^JiH' 
5 00nm)(7)r;l'S:i'>A(0. 1-2%(7)>'U ay^ 
^tf)^B!cliL. T/I/Sxt^AH^yN-iS'-xy^-LT. 
hmffi2 1 3 n , 2 1 3 P IrffM^S „ 

[0 104] i^t. -!^y¥-t:y^'mzx->x. mt 

mM2 0 9N, 2 0 9Pty- h9&2 1 3 n , 2 1 3 p ^ 

-^x^hLxrmmvjy. i5iv^Tr^^m}i^iA-ri>. 
V~i^yif:^xbLX. ytxy ^y{pn^)i5XX/'J 

;n7y(B, Hg) m^coy txy^ ycniM-^lt. 

jDiimJI* 6 0-9 0 k V(f^J^if 8 0 k V) t L, 
(n-J^:yy(r)^^{i. 4 0kV-8 0kV(f^Ji.iS'6 5 
kV)i:L. f-XMiil X 1 015--8X 1 015cm 
-2(flJx.{f 'Jy^2X 1 015 cm-^ ;};i>*^5X 1 0 

i5cm-2)i:~r§o iOXlitiD. ^-bmS2 13 

n, 2 1 3pt^X^'§tl. ^mww\^fits:vmM. 

tt. mtTFTi7)^^^^;PfIli2 1 5n, 2 1 5pfc5: 

H-b°y^'-t^tTi±. ^-b°y^Wg^fM^ 

sfKe^jtK-by^-^tfOo zm^^. nrnm^mm. 

Ji2 1 6 n , 2 1 7 n . PmffyTM^WM2 1 6 p , 2 1 

7p^%M§^i. H4 (c)ts^t-J;3t. N^^^v^M 

TFT224fcP^^^^;PSTFT22 5t&ffM^I. 

[0105] ^(n'ik. 05 (F) ts^t-J; 5 t. k-^f- 
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2 1 8commt,zi'oXT-~)Vim\ -^^y^^Attz 

T^im(^mm^:'€d . U—f~^klXli. XeClx 
^'^'?]y~'f~{'MM:3 0 8 nm, ^Vi-Xf^A 0 n s e 

-mS. 250mJ/cm2 T'^ :{i^Elf t^-^^ 2 0 a v b 

[0 10 6] mv^x. [a5(G)t^^-rJ;3t:. wsgo 
0 nma)mit^4mm^:mrB^mmm2 1 9 > ltt^x 

^ixmrni/z. 1 M]±i^7]<^#HMTT- 3 5 0 °c , 

P^^^s;H!TFT22 5t^^§-ti:l., ^ ^iZ'Ji^^W 

i^zmtx. TFT 2 2 4, 2 2 s^mm-t^mx'. t 
FT 2 2 4, 2 2 5±i,zmi\:^^mmmib-i^^j:^mm 
^:imxi,x^\ 

[0107] ±fETFT2 2 4, 2 2 5<Di-^^^)Vmm 
2 1 5 n, 2 1 5p(±. amcoM=5:-Sffi^rfi;&-^>=5r-g.ft 

l^gffBpT- J5 T , , 2 tJ,±^DM^ir l> ^f^ ,i '9 Sh^r 

X. #TFT2 2 4,2 2 5tO^^^Vl/Mft!{t=t5(t-&S 

Lxmm±c')^TFTrB^mmi^i-it'r6c'rc\ t f 

[0 1 08] Sfc. ;^^l^2||St?^||<:0^^ft^a<:0« 

mmizitzt^-oxi¥mifzcMosmmmuzii\,-^ 

X . ^^im^JT F TOtt^a^llilJSfiNST F TT- 
210-2 50 cm2/Vs. PSTFT-C120-1 
5 0cmVVs ti5<. L#V*ffi«ffi{i. NSTFT 
T-1 V^S, PSTFTT-- 1 . 5 VgJKi:^^#tS# 

*#tt^s^L/i, ttz. mmmmk^j:nx^-^fzimii^ 

X± 0 . 2 VSS(aKi: tT 400X320 mm(?y^-i 

xm^\ mm\^ 200 ;ssy^<7)$±^) mi ^^tt- 
x%fz. tfz.m'o'M. Lij^^^ u Tx^m.x vvx 

{zxhm^.mm^'if-)Xi, . iitA.ii'wmim^^ 
fi-f. im(^h(^b]t^x4mmm&Lifim<. sst 

[ 0 1 0 9 ] ii[±. ^(n%m(n'^mw.mm.iixxf^(r)m 

Lommi^fi^m\ ,m2mmw.zm.ii.^Kh 
h t^T-ii^ < . ^ (Dmc^mmMM^zm-^K ^a^^ 

[0110] M;iif. vx^ffmfc LTii. Jiiami , 

m2Sitff»-i±. itHMfc ixpimkiEjfm^m^^fz 



[ 0 1 1 1 ] S/i, iiami ,m2^JiWJtfcV^T 

tt. mmitmtLx-'yyju^rmx-t^ifmtLx. # 
-y yjimm^mm-iifm^z x d . siKs^t- 
f>-x-% . mm. - V 'r}Vi^mm)--t\my- l 

^x) t T s i o 2 Mi D tei*§-^T i J; 

A^y Y-\^yymzi. ^mmx-fh^'m\.M 
A. fli. ^im^^xi,mmcommm^ti6. ttz. - 

v'nv^fv9')y^^hfz}h<n\3mm}L LT(4. 

[0 1 12] tJt. iiBfl'il .a*i2*Mmt'{4, 

vi^^^yr^^gffltTMWci 0 0 0-1 2 0 o°c 

V^i:)(9)SRTA(7b°.y ^■ ■ ^f-v;!/ ■ T--;W^ 
[ 0 1 1 3 ] § ^.fc. _hie±fS^ 1 ^MMT14. ^» 

;p^-y ^mskF Fm^smm'^h htz Y=>-n<^-n 

[0 114] 

Mw^miim^o^wik-fs'mizMf . mmfh-^%<n 
'y^£^^'m^ \^fz\m.<^mmm'itimm:% . $^i^z. 

xT-#j^ixi>, ttz. ^commTmi^zi5\^xB:S,m^± 
^<\(n±.x%. ms,(rM&^xFittmti^^. mi^z. 

C0TFTC0X4 -/i-y^mm\in±x^6bmz. mm 
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xmtm'Mmmmm^^:mf&ti ^■ ^ ^ ^-^ y u ^ y ^ 

[01] miw-iOii^cowMcomimmm(o^ 
Wfr^Mt^r T ^ b y 7.mm±.<DT f Tcof^g 

[02] 0 2 (A) , (B) {i:0 1 (C) T F TCOimX 
[03] 03{A)-(F){i±fE*»#;gMi^{1^Mlli0 
[04 ] 04 (A)-(C)ac:<7)f|BJiOl^2^]^6f^«JtO¥ 

[05] 0 5 (A)- (G) m.m^immcojmjMm 

[06] 06 \±r<9^mmk<^^^ ^^mm&fm uz 

[07] 07 li-sjimfmffy^-r ^^jvmmm^ Ltz 
^-^o^i5oTO0T$)^o 
[08] ms\±vm^<^i'^^^mmim^Ltzm^ 

[09] 09 !i#*<7)4^flsgM(7)gg|5(7)iEB&^^t- 

¥ffi0T-S)S, 
[^$-^i^lM] 

1 oi-ii'yxmm. 

[06] 
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1 0 2-Ttm 

1 03,203-a-Si)l. 

1 0 3 a, 2 0 3 ^i■■■^^^B'&^'r■imm. 

1 0 3 b , 2 0 3 b-gHm^^^«Jl. 

1 03c,20 3c-KS.*. 

1 0A,20A---'?X9 . 

1 0 5,20 5---7^r;i^. 

1 0 6,2 0 6---|SBl.)^;a:triti]. 

1 07,207-yy. 

1 0 8 , 2 0 8-->y ^/i^co^'-y ^ u y^'':^riti. 

1 0 9 , 2 0 9N, 2 0 9P-^^(7)^att^^ 

I 1 0---U-^f-3fe. 

111,21 i-'r-vwmm. 

113,21 3---y-hmS. 

I I A-^mmiVM. 

1 1 5, 2 1 5 n, 2 1 5p---f-v^vHIi^. 
1 16,2 16n,2 16p-y-X^i|g. 
1 17,21 7n,21 lp-YV4y^m. 
118,21 8-P-if-3te. 
1 19,2 19-;i^fgiSli. 

1 2 o---y-xflffi. 
1 2 i-]i*«ffi. 

1 23---TFT. 

2 0 1-5^;y9;^S«, 

2 1 2-mimi'f-ymm). 

2 2 2--«-Sii. 

2 24-N^-V^yl^MTFT, 

2 2 5-P^-\'^yl'MTFT, 

[07] 



402 405 4,00 
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[1214] [05] 




F:5?-A(##) 5F052 
5F110 



AA02 AMI BA02 BA07 BB07 
DA02 DB02 DB03 FA06 FA19 
HA06 JAOl JA04 
AA28 AA30 BB02 BB04 BBIO 
BBll CC02 DD02 DD03 DD13 
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PROBLEM TO BE SOLVED: To provide a semiconductor device of high 
performance, which has stable characteristics with less irregularity, and a 
manufacturing method of a semiconductor device of high productivity wherein a 
stable manufacturing process of high yield which can cope with a substrate of 
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large area can be realized. 

SOLUTION: A crystalline silicon film 103b becoming a channel region of an 
active region of a TFT is constituted of a plurality of columnar crystals, wherein Ni 
for promoting crystal growth of an amorphous silicon film is selectively introduced 
in the amorphous silicon film formed on a glass substrate by using a mask 104. 
Then crystal growth is performed in the lateral direction along a surface of the 
glass substrate by heat treatment. The above channel region of the TFT is 
constituted of columnar crystal groups composed of a plurality of different face 
orientations, so that characteristic of each TFT is made uniform. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the semiconductor device equipped with the component using the 
crystalline silicon film formed on the substrate which has an insulating front face 
as an active region. The above-mentioned crystalline silicon film The catalyst 
element which promotes the crystal growth is alternatively introduced into the 
amorphous silicon film. It is the semiconductor device characterized by consisting 
of two or more columnar crystals made [ the longitudinal direction ] to carry out 
crystal growth along the insulating front face of the above-mentioned substrate, 
and the channel field in the active region of the above-mentioned component 
being constituted by the above-mentioned columnar crystal group which consists 
of different field bearing. 

[Claim 2] It is the semiconductor device equipped with the component using the 
crystalline silicon film formed on the substrate which has an insulating front face 
as an active region. The above-mentioned crystalline silicon film The catalyst 
element which promotes the crystal growth is alternatively introduced into the 
amorphous silicon film. It is the semiconductor device which a longitudinal 
direction is made to carry out crystal growth along the insulating front face of the 
above-mentioned substrate, and is characterized by the channel field in the 
active region of the above-mentioned component being constituted from two or 
more different directions by two or more crystal growth fields which carried out 
crystal growth. 



[Claim 3] It is the semiconductor device equipped with the component using the 
crystalline silicon film formed on the substrate which has an insulating front face 
as an active region. The above-mentioned crystalline silicon film The catalyst 
element which promotes the crystal growth is alternatively introduced into the 
amorphous silicon film. It is the semiconductor device which a longitudinal 
direction is made to carry out crystal growth along the insulating front face of the 
above-mentioned substrate, and is characterized by the channel field in the 
active region of the above-mentioned component containing the boundary 
section with which two or more crystal growth fields which carried out crystal 
growth from two or more different directions collide one or more. 
[Claim 4] The semiconductor device which is a semiconductor device according 
to claim 3, and is characterized by being collided and completed as the center 
section of the above-mentioned channel field by two or more above-mentioned 
crystal growth fields. 

[Claim 5] The semiconductor device characterized by the catalyst element which 
promotes crystallization of the above-mentioned amorphous silicon film being 
nickel in claim 1 thru/or the semiconductor device of any one publication of four. 
[Claim 6] The semiconductor device which sets to claim 1 thru/or the 
semiconductor device of any one publication of five, and is characterized by the 
concentration of nickel in the above-mentioned active region being 1x1016 - 
5x1017 atoms/cm3. 

[Claim 7] The process which forms the amorphous silicon film on the substrate 
which is the manufacture approach of the semiconductor device equipped with 
the component using the crystalline silicon film formed on the substrate which 
has an insulating front face as an active region, and has the above-mentioned 
insulating front face, So that the field used as the active region of the above- 
mentioned component may be surrounded on some above-mentioned 
amorphous silicon film The process which introduces alternatively the catalyst 
element which promotes crystallization for the amorphous silicon film, and after 
introducing the above-mentioned catalyst element alternatively, by heat- 



treatment The process made [ the field to which the above-mentioned catalyst 
element is not introduced from the field where the above-mentioned catalyst 
element was introduced ] to carry out crystal growth to a longitudinal direction 
along the insulating front face of the above-mentioned substrate, The 
manufacture approach of the semiconductor device characterized by having the 
process which carries out patterning of the above-mentioned crystalline silicon 
film so that the channel field in the active region of the above-mentioned 
component may be arranged at least to the field made [ the above-mentioned 
longitudinal direction of the crystalline silicon film crystallized by the above- 
mentioned heat-treatment ] to carry out crystal growth. 

[Claim 8] The crystal growth of the longitudinal direction which produces from the 
field where the above-mentioned catalyst element was introduced in the 
manufacture approach of a semiconductor device according to claim 7 is the 
manufacture approach of the semiconductor device which advances toward the 
center section of the channel field of the above-mentioned component, and the 
becoming field, and is characterized by to make it converge so that the crystal- 
growth field of the longitudinal direction which carried out crystal growth from a 
different direction may collide in the center section of the above-mentioned 
channel field. 

[Claim 9] The manufacture approach of the semiconductor device characterized 
by adding the above-mentioned catalyst element to the field of the above- 
mentioned amorphous silicon film which prepares a mask on the above- 
mentioned amorphous silicon film, and is not covered with the above-mentioned 
mask in the process which introduces the above-mentioned catalyst element into 
some above-mentioned amorphous silicon film alternatively in the manufacture 
approach of a semiconductor device according to claim 7 or 8. 
[Claim 10] It is the manufacture approach of a semiconductor device that the 
above-mentioned mask is a regular-polygon configuration in the manufacture 
approach of a semiconductor device according to claim 9, and the core of the 
mask of the regular-polygon configuration is characterized by being arranged in 



the channel field of the above-mentioned component, and the becoming field. 
[Claim 11] The manufacture approach of the semiconductor device characterized 
by containing the boundary section formed when being collided and completed in 
the manufacture approach of a semiconductor device according to claim 10 by 
the crystal growth field which carried out crystal growth toward the core bottom of 
the above-mentioned mask , respectively from each side side of the mask of the 
above-mentioned regular polygon configuration in the channel field of the above- 
mentioned component , and the becoming field . 

[Claim 12] The manufacture approach of the semiconductor device characterized 
by the above-mentioned mask being a square configuration in the manufacture 
approach of a semiconductor device according to claim 10 or 11 . 
[Claim 13] It is the manufacture approach of a semiconductor device that the 
above-mentioned mask is a circle configuration in the manufacture approach of a 
semiconductor device according to claim 9, and the core of the mask of the circle 
configuration is characterized by being arranged in the channel field of the 
above-mentioned component, and the becoming field. 

[Claim 14] The manufacture approach of the semiconductor device characterized 
by containing the boundary section formed when being collided and completed in 
the manufacture approach of a semiconductor device according to claim 13 by 

the crystal growth field which carried out crystal growth toward the bottom field of 
the core of the above-mentioned mask from the periphery section of the mask of 
the above-mentioned circle configuration in the channel field of the above- 
mentioned component , and the becoming field . 

[Claim 15] In the manufacture approach of claim 7 thru/or the semiconductor 
device any one publication of 14 The process which introduces at least the 
element chosen from five groups B into the channel field of the above-mentioned 
component and fields other than the becoming field of the crystalline silicon film 
made [ the longitudinal direction ] to carry out crystal growth along the insulating 
front face of the above-mentioned substrate, The manufacture approach of the 
semiconductor device characterized by having the process which moves the 



above-mentioned catalyst element to the field of the above-mentioned crystalline 
silicon film with which the element chosen from the five above-mentioned group 
B was introduced by heat-treatment after introducing the element chosen from 
the five above-mentioned group B. 

[Claim 16] The manufacture approach of the semiconductor device characterized 
by using the mask used in the process which introduces the element chosen 
from the five above-mentioned group B in the manufacture approach of a 

semiconductor device according to claim 15 at the process which introduces the 
above-mentioned catalyst element into some above-mentioned amorphous 
silicon film alternatively. 

[Claim 17] The manufacture approach of the semiconductor device characterized 
by using at least one element in P, N, As, Sb, and Bi as an element chosen from 
the five above-mentioned group B in the manufacture approach of a 
semiconductor device according to claim 15 or 16. 

[Claim 18] The manufacture approach of the semiconductor device characterized 
by using at least one element in nickel, Co, Fe, Pd, Pt, Cu, and Au as a catalyst 
element in the manufacture approach of claim 7 thru/or the semiconductor device 
any one publication of 17. 

[Claim 19] The manufacture approach of the semiconductor device which carries 
out patterning of the above-mentioned crystalline silicon film, and is 
characterized by having the process which forms the active region of the above- 
mentioned component, and the process which oxidizes the above-mentioned 
active-region front face by heat-treatment after the process of the above- 
mentioned patterning, and by the oxidizing atmosphere in the manufacture 
approach of claim 7 thru/or the semiconductor device any one publication of 18. 
[Claim 20] The manufacture approach of the semiconductor device which carries 
out patterning of the above-mentioned crystalline silicon film, and is 
characterized by having the process which forms the active region of the above- 
mentioned component, and the process which irradiates strong light after the 
process of the above-mentioned patterning in the above-mentioned active region 



in the manufacture approach of claim 7 thru/or the semiconductor device any one 
publication of 18. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device and its 
manufacture approaches, such as an active matrix liquid crystal indicating 
equipment using the thin film transistor (TFT) prepared on the substrate which 
has especially an insulating front face, a contact type image sensor, and a three- 
dimensional IC, about the semiconductor device equipped with the component 
using the crystalline silicon film which crystallized the amorphous silicon film as 
an active region, and its manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, it is large-sized and the attempt 
which forms a highly efficient component on insulating substrates, such as glass, 
and an insulator layer towards the implementation to the contact type image 
sensor of high resolution, a three-dimensional IC, etc. at the liquid crystal display 



of high resolution and a high speed is made. It is common to use a thin film-like 
silicon semi-conductor for the component used for these equipments. It is divided 
roughly into two although it consists of a silicon semi-conductor which has what 
consists of an amorphous silicon semi-conductor (a-Si), and crystallinity as a thin 
film-like silicon semi-conductor. 

[0003] The above-mentioned amorphous silicon semi-conductor has low 
production temperature, and it is possible to produce comparatively easily by the 
gaseous-phase method, since it is rich in mass-production nature, most generally 
it is used, but since physical properties, such as conductivity, are inferior 
compared with the silicon semi-conductor which has crystallinity, in order to 
acquire a high-speed property more, establishment of the production approach of 
the semiconductor device which consists of a silicon semi-conductor which has 
crystallinity is called for strongly. In addition, polycrystal silicon, microcrystal 
silicon, etc. are known as a silicon semi-conductor which has crystallinity. 
[0004] As the approach (1) of obtaining the silicon semi-conductor of the shape 
of a thin film which has these crystallinity How to form, directly the film which has 
crystallinity at the time of membrane formation (2) How to form the film which 
forms the amorphous semi-conductor film and has crystallinity with laser 
luminous energy (3) The amorphous semi-conductor film is formed and the 
approach of forming the film which has crystallinity etc. is learned by adding heat 
energy. However, since crystallization advances to a membrane formation 
process and coincidence by the approach of (1), thick-film-izing of the silicon film 
is indispensable to obtain the crystalline silicon of the diameter of a large drop, 
and it is difficult technically to go on the whole surface across the film which has 
good semi-conductor physical properties on a substrate, and to form membranes 
to homogeneity. 

[0005] Moreover, in order to use the crystallization phenomenon of a melting 
solidification process, a grain boundary is processed good with the diameter of a 
granule, the comparatively quality crystalline silicon film is obtained, but the thing 
of still sufficient stability is not obtained and the approach of (2) is not enough in 



the engine-performance side as a component, if the excimer laser currently 
present most generally used is taken for an example. 
[0006] Moreover, although the approach of (3) is advantageous in the 
homogeneity in a substrate, and stability as compared with the approach of of (1) 
and (2), the heat-treatment covering the long duration of about 30 hours is 
required of 600 degrees C, the processing time is long, and there is a problem 
that a throughput is low. Moreover, compared with the approach of the above (2), 
crystallinity is inferior by this approach of (3), although one crystal grain is 
comparatively as large as several micrometers since the crystal structure turns 
into twin crystal structure including many twin crystal defects in crystal grain. 
Although the technique of heat-treating in an oxygen ambient atmosphere by 
about 1000 more degrees C is also used as a means which raises crystallinity, at 
this time, only the property that electric field effect mobility of 100cm 2A/s extent 
is low is acquired [ in / as not the process that can use a cheap glass substrate 
but a component property / TFT ]. 

[0007] To these approaches, the approach of the above (3) is improved and the 
method of obtaining the quality crystalline silicon film is proposed by ** JP,10- 
199805,A ** JP, 1 0-2001 13,A. By the approach of this ** and **, by using the 
catalyst element which promotes crystallization of the amorphous silicon film, 

while attaining low-temperature-izing of whenever [ stoving temperature ], and 
shortening of the processing time, crystalline Improvement is aimed at. Low- 
temperature crystallization is performed by specifically heating, after introducing 
metallic elements, such as nickel and palladium, into the front face of the 
amorphous silicon film at a minute amount. 

[0008] Crystalline-nucleus generating which used the metallic element as the 
nucleus first takes place at an early stage, that metallic element serves as a 
catalyst after that, and the mechanism of this low-temperature crystallization 
promotes crystal growth, and is understood because crystallization advances 
rapidly. These metallic elements are henceforth called a catalyst element in such 
semantics. The inside of one grain of the crystalline silicon film which crystallized 



the crystalline silicon film which crystallization was promoted with these catalyst 
elements and carried out crystal growth with the usual solid phase grown method 
(the approach of the above (3)) is twin crystal structure, and also consists of 
many columnar crystal networks in the grain to having many crystal defects, and 
each interior of a columnar crystal is in the almost ideal single crystal condition. 
[0009] Furthermore, crystal growth is made to perform in a longitudinal direction 
(direction parallel to a substrate) from the introductory field by the approach of 
the above-mentioned ** and ** by crystallizing only the field where the catalyst 
element was introduced alternatively, leaving other parts as a condition of the 
amorphous silicon film, and extending heating time further by introduced and 
heating a catalyst element alternatively on some amorphous silicon film. Inside 
this longitudinal direction crystal growth field, the columnar crystal with which the 
growth direction was equal to the abbreviation one direction has jostled, and 
crystallinity serves as a still better field compared with the field where the catalyst 
element was introduced directly and generating of a crystalline nucleus took 
place at random. Therefore, high performance-ization of a component can be 
performed by using the crystalline silicon film of this longitudinal direction crystal 
growth field for the active region of a semiconductor device. 
[0010] About the alternative introductory approach of the catalyst element to the 
amorphous silicon film at this time, the approach of the above-mentioned ** and 
** is observing that introductory pattern, brought more the growth direction of the 
field made [ a longitudinal direction ] to carry out crystal growth close to an one 
direction, and aims at the crystalline improvement in a field made [ the 
longitudinal direction ] to carry out crystal growth. 

[001 1] concrete ~ the above-mentioned ** ~ a catalyst element installation field ~ 
component size ~ comparing ~ a very long line ~ carrying out - the line - it 
arranges so that a field may be arranged in a stripe condition, thereby ~ a line ~ 
the catalyst element introduced into the field ~ the line ~ the field which carried 
out crystal growth of the crystal growth perpendicularly to the field in a lifting (that 
is, the growth direction does not emit to all directions) and its longitudinal 



direction serves as quality crystalline silicon film with which the crystal growth 
direction gathered in the about 1 direction, two more lines -- in the field across 
which it faced in the field, since lateral crystal growth is stabilized, the active 
region of a semiconductor device is formed using the crystalline silicon film of this 
field. And high-performance-izing of a component and stabilization of a creation 
process are attained. 

[0012] Moreover, similarly, by making the introductory field of a catalyst element 
into a line, on the other hand, tropism is strengthened and the above-mentioned 
** aims the crystal growth in a longitudinal direction crystal growth field at high 
performance-ization of a semiconductor device, especially - the above- 
mentioned ** ~ the line of a component field and a catalyst element ~ he limits 
physical relationship with an introductory field, and is trying for tropism to, form 
the active region of a semiconductor device using the good field of crystal growth 
on the other hand 

[0013] Thus, by introducing a catalyst element alternatively, the approach of 
crystallizing the amorphous silicon film in a longitudinal direction can attain low- 
temperature-izing of whenever [ stoving temperature ], and shortening of heating 
time, and the crystallinity of the silicon film further obtained after crystallization is 
clearly excellent compared with other crystallization approaches. 
[0014] 

[Problem(s) to be Solved by the Invention] However, when TFT is created using 
the technique of the above-mentioned ** and **, in spite of applying the solid 
phase growth technique in which it is thought with it being general that dispersion 
is small and actually being created, it has turned out that dispersion in a 
component property is comparatively large. Even if property dispersion of TFT 
which adjoins at intervals of about dozens of micrometers especially was large 
and having been compared with the case where It crystallizes about the 
dispersion using the laser light from which dispersion poses a problem, it turned 
out that it is almost comparable. However, since the macroscopic substrate 
internal division cloth in a substrate is also further added by the approach of 



crystallizing using laser light, dispersion is more large when it sees on the whole. 
[0015] This makes a presentiment of the conditions of the crystalline silicon film 
which constitutes the channel field of TFT from a dozens of micrometers scale 
differing greatly in terms of micro have. EBSP (Electron Backscattering Pattern) 
these people of whose are the newest assesment methods of a crystalline silicon 
thin film - law was introduced and two-dimensional mapping of crystal orientation 
was performed to the crystalline silicon film created using the two above- 
mentioned techniques, ** and **. the line into which drawing 9 shows the result to 
and the catalyst element was introduced ~ a field 601 ~ receiving - the line -- the 
horizontal growth field 602 across which it faced in the field 601 ~ a line - it 
became clear that adjoin mutually, and there are two or more fields (henceforth a 
domain) 605 where the crystal orientation of dozens of micrometer width of face 
and size differs greatly toward a perpendicular direction to a field 601 mostly, and 
they are constituted for the first time. Each field divided by the dotted line in this 
horizontal growth field 602 is the domain 605 where crystal orientation differs, the 
line with which 603 is the growth direction in lateral crystal growth and which 604 
adjoins in drawing 9 here ~ it is the boundary of crystal growth in which the 
horizontal growth field which carried out crystal growth, respectively collided, and 
was formed from the introductory field. Thus, it turned out that it does not break if 
the crystal growth of the longitudinal direction by the catalyst element will be in a 
uniform crystallized state, but a columnar crystal (domain 605) group with various 
big sizes called dozens of micrometer width of face from which crystal orientation 
differs adjoins mutually, and suits. Moreover, in the growth process of the 
longitudinal direction, contention of the domain 605 of next doors took place, and 
it became clear that a superior domain expanded width of face more, and it was 
growing up. 

[0016] The size of the channel field in actual TFT is small, it is several 
micrometers to dozens of micrometers, and the magnitude of a field (domain 
605) to which the above-mentioned crystal orientation was mostly equal has 
become dozens of micrometers compared with this. Therefore, in TFT located in 



a line in a near distance of dozens of micrometers, wliicli domains eacli cliannel 
field consists of or whether there being any paddle with which the domain 
boundary's is included, and a difference will arise. Therefore, the crystallized 
states of the crystalline silicon film which constitutes the channel field of TFT 
differ. Therefore, dispersion with the big property of appearing when TFT is 
created using the technique of the above-mentioned ** and ** is a natural thing, 
and the cause of main is dispersion in the columnar crystal (domain) group from 
which the crystal orientation in the silicon film of the longitudinal direction crystal 
growth which constitutes an active region differs. 

[0017] Furthermore, it turns out that especially the following two approaches are 
effective as a means which raises further the crystallinity of the silicon film in this 
longitudinal direction crystal growth field. 

[0018] It is the approach of one heat-treating in oxidizing atmospheres, such as 
oxygen, at temperature higher than the temperature which carried out crystal 
growth, and oxidizing a silicon film front face, and another is the approach of 
adding the process which irradiates strong light, such as laser. However, by the 
approach using the former heat treatment, by field bearing of the crystalline 
silicon film, since oxidation rates differ greatly, it results in promoting the 
crystalline difference of a domain more, and dispersion gets worse further. 
Moreover, since absorption efficiency changes with field bearings of the 
crystalline silicon film also by the approach using the latter strong light to strong 
light, such as laser which is the annealing light source, a result to which this also 
promotes the crystalline difference of a domain more is brought, and dispersion 
gets worse further. Therefore, although the average of a property improves with 
the technique of the above-mentioned ** and ** when additional processing 
which raises the above crystallinity is performed in order to improve the engine 
performance of a component, the property difference between the conventional 
components is increased more, and dispersion is made to have been to get 
worse more. 

[0019] As mentioned above, in the semiconductor device using TFT which makes 



the crystalline silicon film an active region, high-performance-izing and 
equalization of a property cannot be reconciled by the approach of the above- 
mentioned ** and **. 

[0020] Then, the purpose of this invention has little property dispersion, and it is 
to offer the manufacture approach of a semiconductor device with the high 
productivity in which the manufacture process by which the high yield which can 
respond also to a large area substrate was stabilized is possible while it offers 
the highly efficient semiconductor device which has the stable property. 
[0021] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the semiconductor device of this invention It is the semiconductor device 
equipped with the component using the crystalline silicon film formed on the 
substrate which has an insulating front face as an active region. The above- 
mentioned crystalline silicon film The catalyst element which promotes the crystal 
growth is alternatively introduced into the amorphous silicon film. It consists of 
two or more columnar crystals made [ the longitudinal direction ] to carry out 
crystal growth along the insulating front face of the above-mentioned substrate, 
and is characterized by the channel field in the active region of the above- 
mentioned component being constituted by the above-mentioned columnar 
crystal group which consists of different field bearing. 

[0022] It turned out that the crystalline silicon film which the catalyst element was 
introduced [ film ] alternatively and made the longitudinal direction it carry out 
crystal growth to the amorphous silicon film in abbreviation single dimension by 
experiment of these people is the cause of main of produce not a uniform 
crystallized state but property [ in / it is very in the large condition of dispersion , 
and / in the difference in this domain / a semiconductor device ] dispersion which 
the domain of various field bearings adjoined in fact . Based on this result, as an 
approach of making the component property of a semiconductor device 
equalizing, in the semiconductor device of this invention With constituting from 
two or more domains (columnar crystal group which consists of different field 



bearing), the channel field which is a field of the active regions (the source / drain 
field, channel field) of components, such as TFT, which manages a motion of a 
component at least The crystallized state in the channel field of each component, 
i.e., the condition of a domain, is made to equalize, and the property between 
each component is equalized as a result. Although there is also approach which 
forms in uniform field bearing the domain of the crystalline silicon film which 
carried out longitudinal direction crystal growth from the crystal face, it is very 
difficult actually. The crystalline silicon film to which the longitudinal direction was 
made to carry out crystal growth of the semiconductor device of this invention 
using a catalyst element has very large semantics at the point that property 
dispersion between components can be sharply reduce even if the homogeneity 
of the crystalline silicon film is not good on the assumption that the domain where 
field bearings differ adjoins and is constitute . 

[0023] The semiconductor device of this invention is a semiconductor device 
equipped with the component using the crystalline silicon film formed on the 
substrate which has an insulating front face as an active region. Moreover, the 
above-mentioned crystalline silicon film The catalyst element which promotes the 
crystal growth is alternatively introduced into the amorphous silicon film. A 
longitudinal direction is made to carry out crystal growth along the insulating front 
face of the above-mentioned substrate, and the channel field in the active region 
of the above-mentioned component is characterized by two or more different 
directions being consisted of by two or more crystal growth fields which carried 
out crystal growth. 

[0024] According to the semiconductor device of the above-mentioned 
configuration, the channel field of the active region of the above-mentioned 
component Introduce a catalyst element alternatively and a longitudinal direction 
is made to carry out crystal growth along the insulating front face of a substrate. 
Two or more different directions are consisted of by two or more crystal growth 
fields which carried out crystal growth. It becomes the semiconductor device with 
which it meant that the channel field of a component consisted of two or more 



different crystal domains, the crystallized state in the channel field of each 
component was equalized, and the property between each component was 
equalized as a result. 

[0025] The semiconductor device of this invention is a semiconductor device 
equipped with the component using the crystalline silicon film formed on the 
substrate which has an insulating front face as an active region. Moreover, the 
above-mentioned crystalline silicon film The catalyst element which promotes the 
crystal growth is alternatively introduced into the amorphous silicon film. A 
longitudinal direction is made to carry out crystal growth along the insulating front 
face of the above-mentioned substrate, and the channel field in the active region 
of the above-mentioned component is characterized by including the boundary 
section with which two or more crystal growth fields which carried out crystal 
growth from two or more different directions collide one or more. 
[0026] According to the semiconductor device of the above-mentioned 
configuration, the channel field of the active region of the above-mentioned 
component Introduce a catalyst element alternatively and a longitudinal direction 
is made to carry out crystal growth along the insulating front face of a substrate. 
The channel field of the above-mentioned active region The boundary section 
(boundary where the crystal growth field which carried out crystal growth from 
another collided) of one or more crystal growth fields is included. Including the 
boundary where longitudinal direction crystal growth collided in the channel field 
A channel field is the proof constituted by the crystal growth field of two or more 
longitudinal directions which carried out crystal growth separately, respectively, 
namely, it means that the channel field consists of two or more different crystal 
domains. Therefore, it becomes the semiconductor device with which the 
crystallized state in the channel field of each component was equalized, and the 
property between each component was equalized as a result. 
[0027] Moreover, the semiconductor device of 1 operation gestalt is 
characterized by being collided and completed as the center section of the 
above-mentioned channel field by two or more above-mentioned crystal growth 



fields. 

[0028] According to tine semiconductor device of tlie above-mentioned operation 
gestalt, wlien being collided and completed as the center section of the above- 
mentioned channel field by two or more above-mentioned crystal growth fields, 
the almost same crystallized state is acquired and the channel field of each 
component not only consists of two or more crystal domains, but can equalize 
the property between each component more effectively and certainly. 
[0029] the above ~ in which semiconductor device, the active region (especially 
channel field) is constituted by the quality crystalline silicon film crystallized by 
heat-treatment using the catalyst element. Therefore, in the semiconductor 
device obtained by this invention, or contains a little the catalyst element which 
remained to that active region, and it serves as a basis which can specify the 
semiconductor device of this invention. As a class of catalyst element which can 
be used in this invention, nickel, Co, Fe, Pd, Pt, Cu, and Au are mentioned. If it is 
a kind or two or more kinds of elements which were chosen from these, there is 
effectiveness of crystallization promotion in a minute amount, it is strong in the 
inactive inclination in the inside of a semi-conductor (crystalline silicon) 
comparatively, and the electric bad influence in a semiconductor device can be 
stopped. Therefore, it is contained [ a certain amount of / any of these elements 
they are / amount to an active region, and ] in the semiconductor device of this 
invention. 

[0030] Moreover, the semiconductor device of 1 operation gestalt is 
characterized by the catalyst element which promotes crystallization of the 
above-mentioned amorphous silicon film being nickel. 

[0031] According to the semiconductor device of the above-mentioned operation 
gestalt, when nickel is used for a catalyst element, it turns out that the most 
remarkable effectiveness is acquired. The following models can be considered 
about the reason. That is, it is the model of it not acting if a catalyst element is 
independent, but acting on crystal growth by combining with the silicon film and 
silicide-izing, and the crystal structure at that time acting like a kind of mold at the 



time of amorphous silicon film crystallization, and urging crystallization of the 
amorphous silicon film. With this model, the silicide of NiSi2 is formed by one 
nickel and two Si. This NiSi2 shows the crystal structure of a fluorite mold, and 
that crystal structure is very similar with the diamond structure of single crystal 
silicon. And the lattice constant is 5.406A and NiSi2 has a value very near the 
lattice constant of 5.430A of the diamond structure of crystal silicon. Therefore, 
NiSi2 Is the highest thing as mold for crystallizing the amorphous silicon film, and 
even if it looks at the crystallinity of the crystalline silicon film actually obtained, 
and the catalyst effectiveness of the promotion of crystallization, the thing with 
most sufficient nickel as a catalyst element is infallible [ NiSi ]. Therefore, in the 
semiconductor device of this invention, a certain amount of [ nickel ] thing being 
done for amount survival serves as proof as a result of pulling out this effect of 
the invention most effectively in that active region, using nickel as a catalyst 
element. 

[0032] Moreover, the semiconductor device of 1 operation gestalt is 
characterized by the concentration of nickel in the above-mentioned active region 
being 1x1016 - 5x1017 atoms/cmS. 

[0033] If it is the amount in which the concentration of nickel in the above- 
mentioned active region exceeds 5x1017 atoms/cm3 according to the 
semiconductor device of the above-mentioned operation gestalt, many fields 
which are unevenly distributed all over an active region (silicon film) as nickel 
silicide will appear, and it will come to have a bad influence on the property of a 
broth and a component. On the other hand, the concentration of nickel is 
considered that nickel is in the condition that a deposit is hardly carried out as 
silicide, but it dissolves in the silicon film, and is included in the crystal defect in a 
three or less 5x1017 atoms/cm amount. In such the condition, the bad influence 
to a component is not seen, but when nickel silicide begins to deposit, the bad 
influence on a property is seen. Moreover, conversely, it is not thought that it fully 
crystallized using the catalyst effectiveness of nickel, and this effect of the 
invention is not then obtained so that there may be less concentration of nickel 



which remains all over an active region than 1x1016 atoms/cm3. For example, in 
the back process after crystallization, even if it uses the approach that the 
amount of nickel of an active region is reduced, when crystal growth of the nickel 
of amount sufficient as a catalyst is introduced and carried out, it cannot be made 
to fall even to a three or less 1x1016 atoms/cm amount, but nickel of the amount 
beyond this surely remains. Therefore, in the semiconductor device of this 
invention, when the concentration of nickel contained all over the active region is 
1x1016 - 5x1017 atoms/cm3, it is in the condition of having pulled out this effect 
of the invention most. 

[0034] Moreover, the manufacture approach of the semiconductor device this 
invention is the manufacture approach of the semiconductor device equipped 
with the component using the crystalline silicon film formed on the substrate 
which has an insulating front face as an active region. On the process which 
forms the amorphous silicon film on the substrate which has the above- 
mentioned insulating front face, and some above-mentioned amorphous silicon 
film, so that the field used as the active region of the above-mentioned 
component may be surrounded The process which introduces alternatively the 
catalyst element which promotes crystallization for the amorphous silicon film, 
and after introducing the above-mentioned catalyst element alternatively, by 
heat-treatment The process made [ the field to which the above-mentioned 
catalyst element is not introduced from the field where the above-mentioned 
catalyst element was introduced ] to carry out crystal growth to a longitudinal 
direction along the insulating front face of the above-mentioned substrate, It is 
characterized by having the process which carries out patterning of the above- 
mentioned crystalline silicon film so that the channel field in the active region of 
the above-mentioned component may be arranged at least to the field made [ the 
above-mentioned longitudinal direction of the crystalline silicon film crystallized 
by the above-mentioned heat-treatment ] to carry out crystal growth. 
[0035] According to the manufacture approach of the above-mentioned 
semiconductor device, the catalyst element which promotes the crystallization is 



alternatively introduced into some amorphous silicon film formed on the substrate 
which has the above-mentioned insulating front face so that the field used as the 
active region of a component may be surrounded. And it heat-treats and crystal 
growth is made to perform to the field to which the catalyst element is not 
introduced from the field where the catalyst element of the amorphous silicon film 
was introduced in a longitudinal direction (parallel to a substrate) along the 
insulating front face of the above-mentioned substrate. Since it is the translation 
introduced alternatively as the catalyst element at this time surrounds the field 
used as a next active region, after the field where the catalyst element was 
introduced directly first is crystallized by heat treatment, crystal growth advances 
in a longitudinal direction from all directions toward the field used as the active 
region of a component by it behind. And it will be surrounded by the introductory 
field of this catalyst element, and the channel field of a component will be 
constituted by two or more domains by forming the channel field in the active 
region of a component in a longitudinal direction at least using the crystalline 
silicon film which carried out crystal growth. By the manufacture approach of this 
semiconductor device, without making a process increase as compared with the 
former, the pattern configuration into which a catalyst element is introduced is 
only changed, it is very simple, and productivity is high, and there is very big 
effectiveness also in property equalization of a component. 
[0036] Moreover, the crystal growth of the longitudinal direction which produces 
the manufacture approach of the semiconductor device of 1 operation gestalt 
from the field where the above-mentioned catalyst element was introduced 
progresses toward the center section of the channel field of the above-mentioned 
component, and the becoming field, and is characterized by making it converge 
so that the crystal growth field of the longitudinal direction which carried out 
crystal growth from a different direction may collide in the center section of the 
above-mentioned channel field. 

[0037] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, the crystal growth to the longitudinal 



direction produced from tine field where the above-mentioned catalyst element 
was introduced By making it progress toward the channel field of the component 
formed behind, and the becoming field center section, and making it converge so 
that the crystal growth field of the longitudinal direction which carried out crystal 
growth from a direction which is different in the center section of the channel field 
may collide The almost same crystallized state is acquired, consequently the 
channel field of each component not only consists of two or more crystal domains, 
but can equalize the property between each component more effectively and 
certainly. 

[0038] Moreover, in the process which introduces the above-mentioned catalyst 
element into some above-mentioned amorphous silicon film alternatively, the 
manufacture approach of the semiconductor device of 1 operation gestalt 
prepares a mask on the above-mentioned amorphous silicon film, and is 
characterized by adding the above-mentioned catalyst element to the field of the 
above-mentioned amorphous silicon film which is not covered with the above- 
mentioned mask. 

[0039] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, the approach of performing by preparing 
the mask formed and processed on the amorphous silicon film, and adding a 
catalyst element from the above-mentioned mask top after formation of the 
amorphous silicon film, as a means to introduce alternatively the catalyst element 
to the above-mentioned amorphous silicon film, is effective. That is, it becomes 
possible to control correctly the configuration of an introductory pattern, and 
physical relationship with a component field by using the mask processed 
according to the FOTORISO process. Especially, by the manufacture approach 
of this semiconductor device, the physical relationship of the introductory pattern 
configuration of a catalyst element and a component field is more important than 
before. 

[0040] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by for the above-mentioned mask being a 



regular-polygon configuration, and arranging the core of the mask of the regular- 
polygon configuration in the channel field of the above-mentioned component, 
and the becoming field. 

[0041] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, as a pattern configuration of the mask 
when introducing the above-mentioned catalyst element into the amorphous 
silicon film alternatively By seeing superficially, forming the mask of a regular- 
polygon configuration, introducing a catalyst element into the field of the 
amorphous silicon film of the outside of the mask, and arranging the channel field 
of a component to the abbreviation core of a regular-polygon configuration The 
growth domain from each side of a regular-polygon configuration carries out 
crystal growth to homogeneity toward the field (channel field of a component) of 
the core bottom of the regular-polygon configuration. 

[0042] moreover , the manufacture approach of the semiconductor device of 1 
operation gestalt be characterize by contain the boundary section form when 
collide and complete by the crystal growth field which carried out crystal growth 
toward the core bottom of the above-mentioned mask , respectively from each 
side side of the mask of the above-mentioned regular polygon configuration in 
the channel field of the above-mentioned component , and the become field . 
[0043] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, the crystalline region which carried out 
crystal growth toward the inside (polygonal core), more nearly respectively than 
each side of a regular-polygon configuration collides, and the domain where it 
differs more than the polygonal number of angles at least adjoins, and it suits in 
the core of the mask of the above-mentioned regular-polygon configuration. By 
arranging the channel field of a component to the field of the core bottom of this 
mask, that channel field certainly Includes two or more crystal domains. 
[0044] The channel field of a component will be constituted from constituting this 
semiconductor device by the crystal domain where it differs more than the 
number of angles of a regular polygon at least so that the central point of the 



mask of this regular-polygon configuration, i.e., the boundary section of crystal 
growth, may be especially included in the channel field of a component. In this 
semiconductor device, all the components formed by being in the same condition 
even if it sees which component on a substrate, and doing in this way consist of 
conditions that an active region is almost the same, and can reduce property 
dispersion between components greatly. If this is explained by a diagram, it 
becomes like drawing 6 and the case where a hexagon is used as a polygon is 
shown. In drawing 6 , the growth boundary where in the introductory field of a 
catalyst element and 302, as for a horizontal growth field and 303, the crystal 
growth direction collided, and, as for 304, longitudinal direction crystal growth 
collided [ 300 / a mask and 301 ], the columnar crystal (domain) group from 
which, as for 305, field bearing differs, the central point which the crystal growth 
from each side collides and converges 306, and 307 are the channel fields of a 
component. 

[0045] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by the above-mentioned mask being a square 
configuration. 

[0046] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, since the above-mentioned mask is a 
square configuration, it is the easiest to perform a layout and a square can make 
dead space the smallest on a component layout, it becomes advantageous to the 
densification of a component, i.e., high integration. That is, the very high- 
concentration catalyst element remains, and since it is better for using into an 
active region to avoid the field where the catalyst element was introduced, it 
serves as dead space in a component layout. Moreover, in the case of a square 
mask, since the flat-surface configuration of a component is an abbreviation 
rectangle, each side can be doubled, a tooth space can be packed, and dead 
space is the smallest and ends. Since the crystalline region 402 which carried out 
crystal growth toward the inside (a square core; 403 directions) from four sides 
each of a mask 400, respectively collides and the central point 406 is formed as 



shown in drawing 7 wlien tine mask of this square configuration is used, at least 
four or more different domains 405 will adjoin there, and it will suit. Consequently, 
it is clear number's of the domains which the channel field 407 of a component 
will consist of at least four different crystal domains, and constitute the inside of a 
channel field compared with the hexagon of drawing 6 to decrease. However, 
this [ property homogeneity's of a component ] also improved greatly compared 
with the former (a domain is one or two), and the homogeneity has reached 
practical use level. 

[0047] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by for the above-mentioned mask being a circle 
configuration and arranging the core of the mask of the circle configuration in the 
channel field of the above-mentioned component, and the becoming field. 
[0048] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, a round shape is very effective as a 
selection installation mask pattern of the above-mentioned catalyst element in 
addition to the above-mentioned regular-polygon configuration. That is, as shown 
in drawing 8 , it is desirable to see a catalyst element superficially as a pattern 
configuration of the mask when introducing into the amorphous silicon film 
alternatively, to form the mask 500 of a circle configuration, to introduce a 
catalyst element into the field 501 of the outside, and to arrange the channel field 
507 of a component to the abbreviation core 506 of a circle configuration. When 
a mask pattern is circular, a growth boundary where the field which carried out 
[ the field ] crystal growth inside from each side like [ at the time of being a 
regular-polygon configuration ], and carried out crystal growth from the adjacent 
side, respectively collides does not appear. As shown in drawing 8 , the 
boundary (it converged) section with which the field which carried out crystal 
growth inside (the direction of 503) from the periphery section only in the core 
506 collided is seen. Because, when a mask is circular, as a point which is 
different on the time of a regular-polygon configuration, and a decision target, a 
domain does not disappear because crystal growth collides, but contention of a 



natural domain takes place, and only a superior crystal domain sets and survives 
like the growth fault. Therefore, in order that it not only consists of the periphery 
sections in two or more different domains which carried out crystal growth, but 
the domain of superior bearing may remain in crystal growth, respectively, when 
the mask of a polygon configuration is used, even if it compares the crystallized 
state, homogeneity is more high [ a crystallized state ] in the core. 
[0049] moreover , the manufacture approach of the semiconductor device of 1 
operation gestalt be characterize by contain the boundary section form when 
collide and complete by the crystal growth field which carried out crystal growth 
toward the bottom field of the core of the above-mentioned mask from the 
periphery section of the mask of the above-mentioned circle configuration in the 
channel field of the above-mentioned component , and the become field . 
[0050] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt , the channel field of a component be not 
only constitute from the central point of the mask of the above-mentioned circle 
configuration , i.e. , the point which crystal growth converge , be made to be 
include in the channel field of a component at least by two or more different 
crystal domains , but will be constitute from a crystal domain of superior bearing 
by especially crystal growth . All channel fields consist of almost same conditions, 
and the component formed by being in the same condition even if this looks at 
which component on a substrate, and doing in this way can suppress property 
dispersion between components small especially. 

[0051] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt The process which introduces at least the element chosen from 
five groups B into the channel field of the above-mentioned component and fields 
other than the becoming field of the crystalline silicon film made [ the longitudinal 
direction ] to carry out crystal growth along the Insulating front face of the above- 
mentioned substrate. After introducing the element chosen from the five above- 
mentioned group B, it is characterized by having the process which moves the 
above-mentioned catalyst element to the field of the above-mentioned crystalline 



silicon film with which the element chosen from the five above-mentioned group 
B was introduced by heat-treatment. 

[0052] The silicide reaction of a catalyst element and amorphous silicon occurs 
first, and, as for the crystal growth of the amorphous silicon film by the catalyst 
element, silicide causes the crystal growth of the amorphous silicon film. That is, 
at the tip of crystal growth, the silicide of a catalyst element always exists, and 
the amorphous silicon which has it ahead is crystallized one after another at it. 
The growth boundary formed when being collided and completed by longitudinal 
direction crystal growth finally is a field where the silicide of the catalyst element 
which always exists at a tip by the growth process exists by high concentration 
very much by becoming snowdrift. A catalyst element mainly gets down from 
metals, that such an element exists so much in a semi-conductor checks the 
dependability and electric stability of a component which used these semi- 
conductors, and it is never desirable. Especially, these silicide causes the big 
problem that the leakage current at the time of off actuation increases in TFT. 
Since a channel field is constituted from such two or more crystal domains, the 
catalyst element is carrying out localization to especially the channel field by high 
concentration. For this reason, how the catalyst element which is carrying out 
localization by high concentration into the channel field on the growth boundary is 
reduced poses a big problem. 

[0053] On the other hand, by the manufacture approach of this semiconductor 
device, after using a catalyst element for crystallization processing of the 
amorphous silicon film, this problem is solved by moving most catalyst elements 
which remain in that silicon film to fields other than a component formation field. 
After performing crystallization by the catalyst element, the element chosen as 
fields other than the field used as the channel field of a component of the 
crystalline silicon film from five groups B behind is specifically introduced at least. 
By heat-treatment The amount of catalyst elements in the channel field of a 
component can be greatly reduced as a result by moving the catalyst element 
which is used for crystal growth and mainly remains on a growth boundary to the 



field to which the element chosen from the five above-mentioned group B was 
introduced. Especially the manufacture approach of this semiconductor device 
has a bad influence effective in the catalyst element of a large silicide condition 
to a semi-conductor property. And if a 5 group B element is introduced, the field 
in which the catalyst element was brought together is removed and the active 
region of a final component is formed, on a substrate, the high concentration field 
of a catalyst element will not remain at all. 

[0054] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by using the mask used at the process which 
introduces the above-mentioned catalyst element into some above-mentioned 
amorphous silicon film alternatively in the process which introduces the element 
chosen from the five above-mentioned group B. 

[0055] If the mask used as a mask when introducing the element chosen from 
five groups B according to the manufacture approach of the semiconductor 
device of the above-mentioned operation gestalt when introducing the above- 
mentioned catalyst element alternatively at a previous process is used as it is, it 
is not necessary to newly process and form a mask, and a process will not 
increase greatly. Therefore, the amount of catalyst elements can be reduced that 
it is simple and efficiently. 

[0056] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by using at least one element in P, N, As, Sb, 
and Bi as an element chosen from the five above-mentioned group B. 
[0057] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, as an element chosen from the five 
above-mentioned group B, at least one element chosen from P, N, As, Sb, and Bi 
can be used. If it is a kind or two or more kinds of elements which were chosen 
from these, the above-mentioned catalyst element can be moved efficiently and 
sufficient effectiveness will be acquired. Although still detailed knowledge is not 
acquired about this mechanism, it turns out also in these elements that 
effectiveness of P is the highest. 



[0058] Moreover, the manufacture approach of the semiconductor device of 1 
operation gestalt is characterized by using at least one element in nickel, Co, Fe, 
Pd, Pt, Cu, and Au as a catalyst element. 

[0059] If it is a kind or two or more kinds of elements which were chosen from 
nickel, Co, Fe, Pd, Pt, Cu, and Au as the above-mentioned catalyst element 
according to the manufacture approach of the semiconductor device of the 
above-mentioned operation gestalt, there is effectiveness of crystallization 
promotion in a minute amount, it is strong in the inactive inclination in the inside 
of a semi-conductor (crystalline silicon) comparatively, and the electric bad 
influence in a semiconductor device can be stopped. And especially, also in 
these catalyst elements, when nickel is used, the most remarkable effectiveness 
is acquired. 

[0060] Moreover, using the above-mentioned crystalline silicon film, the 
manufacture approach of the semiconductor device of 1 operation gestalt carries 
out patterning of the above-mentioned crystalline silicon film, and is 
characterized by having the process which forms the active region of the above- 
mentioned component, and the process which oxidizes the above-mentioned 
active-region front face by heat-treatment after the process of the above- 
mentioned patterning, and by the oxidizing atmosphere. 
[0061] According to the manufacture approach of the semiconductor device of 
the above-mentioned operation gestalt, after crystallizing the amorphous silicon 
film by heat-treatment and carrying out patterning of the active region of a 
component as an approach of improving more the crystallinity of the silicon film 
crystallized with the catalyst element, and raising more the engine performance, 
especially current drive capacity of a semiconductor device, the approach of 
performing heat-treatment by the oxidizing atmosphere further, and oxidizing the 
above-mentioned active-region front face is effective. If this oxidation treatment is 
performed, the supersaturation Si atom produced by the oxidation is supplied into 
the silicon film, and these can enter into the crystal defect in the silicon film 
(especially azygos joint hand; dangling bond), and can extinguish a defect. The 



defect density in tine silicon film crystallized with the catalyst element is reduced 
greatly by this, and mobility improves sharply. Consequently, the engine 
performance of a semiconductor device improves by leaps and bounds. 
Especially the silicon film that carried out crystal growth with the catalyst element 
consists of the network structures of a columnar crystal, and since crystallinity is 
good from the first, compared with the silicon film of the usual solid phase growth, 
this effectiveness of each interior of a columnar crystal is very large. 
[0062] That is, by the silicon film of the usual solid phase growth, since the twin 
crystal defect is included so much, even if it performs remarkable oxidation 
treatment, sufficient improvement cannot be achieved. Moreover, by field bearing 
of the crystalline silicon film, when the crystal disposition top technique by this 
oxidation is applied to the technique of JP,10-199805,A which is a crystal growth 
method using the conventional catalyst element, or JP, 10-2001 13,A, since 
oxidation rates differ greatly, it results in promoting the crystalline difference of a 
domain more, and dispersion in a component property becomes very large. 
[0063] By the manufacture approach of this semiconductor device, since the 
crystal domain where plurality differs in a channel field is included, even if it 
becomes great [ the crystalline difference between dispersion and a domain ] in 
each crystal domain more [ an oxidation rate ], the total-crystallinity in the 
channel field in each semiconductor device is almost the same, and can 
suppress increase of property dispersion. The crystal disposition top technique 
by this oxidation is used, and property dispersion is small and will not be able to 
realize a very highly efficient semiconductor device without this. 
[0064] Moreover, using the above-mentioned crystalline silicon film, the 
manufacture approach of the semiconductor device of 1 operation gestalt carries 
out patterning of the above-mentioned crystalline silicon film, and is 
characterized by having the process which forms the active region of the above- 
mentioned component, and the process which irradiates strong light after the 
process of the above-mentioned patterning in the above-mentioned active region. 
[0065] According to the manufacture approach of the semiconductor device of 



the above-mentioned operation gestalt, it sets to this invention in addition to the 
above-mentioned oxidation approach. As another effective approach of 
improving more the crystallinity of the silicon film crystallized with the catalyst 
element, and raising more the engine performance, especially current drive 
capacity of a semiconductor device After crystallizing the amorphous silicon film 
by heat-treatment and carrying out patterning of the active region of a component, 
strong light, such as ultraviolet laser light, is irradiated at the crystalline silicon 
film, and there is a method of raising the crystallinity further. When strong light, 
such as laser, is irradiated at the crystalline silicon film, it is the translation by 
which the grain boundary section and a minute residual amorphous field (non- 
crystallized field) are intensively processed from the difference of the melting 
point with the crystalline silicon film and the amorphous silicon film, but by the 
crystalline silicon film formed with the usual solid phase grown method, since the 
crystal structure is in a twin crystal condition, as for the interior of crystal grain, 
after a strong light exposure remains as a twin crystal defect. Compared with it, 
the crystalline silicon film which introduced the catalyst element and was 
crystallized is formed with the columnar crystal, since the interior is close to a 
single crystal condition, the grain boundary section is processed by the exposure 
of strong light, and the very good crystalline silicon film is obtained. Moreover, 
since laser radiation is performed to the crystalline silicon film from the first, 
unlike the approach of carrying out direct laser radiation to the amorphous silicon 
film, and crystallizing, it is eased greatly and dispersion in laser radiation does 
not produce the problem on homogeneity, either. 

[0066] However, since absorption efficiency changes with field bearings to strong 
light, such as laser which is the annealing light source, when crystal disposition 
top techniques by strong light exposure, such as this laser, are applied to the 
technique of JP,10-199805,A which is a crystal growth method using the 
conventional catalyst element, or JP, 10-2001 13,A, it results in promoting the 
crystalline difference of a domain more, and property dispersion of a component 
becomes very large. 



[0067] On the other hand, by the manufacture approach of this semiconductor 
device, since the crystal domain where plurality differs in a channel field is 
included, even if it becomes great [ the crystalline difference between dispersion 
and a domain ] in each crystal domain more [ absorption efficiency ], the total- 
crystallinity in the channel field in each component is almost the same, and can 
suppress increase of property dispersion. Crystal disposition top techniques by 
strong light, such as this laser, are used, and property dispersion is small and will 
not be able to realize a very highly efficient semiconductor device without this. 
[0068] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of 
illustration explains the semiconductor device and its manufacture approach of 
this invention to a detail. 

[0069] (The 1st operation gestalt) The semiconductor device of the 1st operation 
gestalt of this invention explains the process when producing N type TFT on a 
glass substrate. In addition, this N type TFT can be used also as a component 
which constitutes a thin film integrated circuit not to mention a part for the driver 
line of the liquid crystal display of a active-matrix mold, or a picture element part. 
Especially this 1st operation gestalt explains on a substrate TFT for a pixel drive 
of the active-matrix substrate for liquid crystal displays which needs to produce 
millions of [ hundreds of thousands to ] N type TFT to homogeneity as those 
representatives. 

[0070] Drawing 1 (A) - (C), drawing 2 (A), and (B) are the top views showing the 

outline of the making process of TFT on the active-matrix substrate explained 

with this 1st operation gestalt. In fact, although a active-matrix substrate is based 

on hundreds of thousands of or more TFT(s) and constituted, this 1st operation 

gestalt simplifies and explains it to 12 TFT(s) of three line x4 train. 

[0071] Moreover, drawing 3 (A) - (F) is the sectional view seen from the lll-lll line 

in one TFT of the arbitration in drawing 1 , and a making process carries out 

sequential advance according to the order of drawing 3 (A) - (F). 

[0072] First, as shown in drawing 3 (A), the substrate film 102 which consists of 



silicon oxide witli a tliicl<ness of about 300-500nm by tine sputtering metliod is 
formed on a glass substrate 101. The substrate film 102 which consists of this 
silicon oxide film is formed in order to prevent diffusion of the impurity from a 
glass substrate. Next, the intrinsic (I-beam) amorphous silicon film (a-Si film) 103 
with a thickness of 20-80nm (for example, 35nm) is formed with a plasma-CVD 
method or a reduced pressure CVD method. With this 1st operation gestalt, 
using the plasma-CVD equipment of an parallel monotonous type, whenever 
[ stoving temperature ] was made into 300 degrees C, SiH4 gas and H2 gas were 
used for ingredient gas, and power density of RF power was made into 10 - 200 
mW/cm2 (for example, 80mW/cm2). Next, insulating thin films, such as silicon 
oxide film or silicon nitride film, are deposited on the a-Si film 103, patterning is 
carried out according to a FOTORISO process, and a mask 104 is formed. In this 
1st operation gestalt, using the silicon oxide film, formation of a mask 104 used 
TEOS (Tetra Ethoxy ortho Silicate) as the raw material, and decomposed and 
deposited it by RF plasma-CVD method with oxygen. As for the thickness of this 
mask 104, it was desirable that it is lOOnm - 400nm, and thickness of the above- 
mentioned silicon oxide film was set to 150nm with this 1st operation gestalt. 
Moreover, the pattern configuration of a mask 104 was made into the 
approximate circle form shown in drawing 1 (A). A mask 104 is formed 12 pieces 
to 12 TFT(s) (shown in drawing 2 (B)) created behind, respectively so that 
drawing 1 (A) may show. In the field which is not covered with a mask 104, it is 
exposed of the a-Si film 103. 

[0073] Next, minute amount addition of nickel 105 is performed on a-Si film 103 
and mask film 104 front face. Minute amount addition of this nickel 105 held the 
solution which melted nickel on the a-Si film 103 and a mask 104, and was 
performed by extending a solution to homogeneity on a glass substrate 101 by 
the spinner, and making it dry. Nickel concentration in a solution was set to 3 
ppm with this 1st operation gestalt, using ethanol as a solvent, using nickel 
acetate as a solute, thus, the nickel concentration on the added a-Si film 103 and 
mask 1 04 front face ~ total reflection X-ray fluorescence (TRXRF) ~ when 



measured by law, it was about two 2x1013 atoms/cm. 
[0074] And the a-Si film 103 is crystallized in this condition by annealing this 
substrate whenever [ stoving temperature ] under an inert atmosphere (for 
example, nitrogen-gas-atmosphere mind) for 4 hours at 530-600 degrees C (for 
example, 570 degrees C). At this time, in the a-Si film 103 of the outside (field 
where direct nickel was added) of a mask 104, crystallization of the a-Si film 103 
takes place by using as a nucleus the nickel 105 which exists in a-Si film 103 
front face, and crystalline silicon film 103a is formed first. And succeedingly, in 
the field under a mask 104, in drawing 1 (A) and drawing 3 (B), as an arrow head 
106 shows, crystal growth is performed in a longitudinal direction (direction 
parallel to a substrate) from silicon film field 103a crystallized previously toward 
the core of a mask 104. And finally, the longitudinal direction crystal growth of the 
direction of an arrow head 106 is converged on the core of a mask 104, the 
bottom of a mask 104 is filled with crystalline silicon film 103b which is a 
longitudinal direction crystal growth field, and a crystal growth boundary 
(convergent point 103c) is formed in the place which longitudinal direction crystal 
growth converged. At this time, the nickel 105 which exists on a mask 104 is 
obstructed by the mask 104, and it does not reach to the lower layer a-Si film of a 
mask 104, but crystallization of the a-Si film 103 is performed by only the nickel 
105 introduced in the field to which direct nickel was added. 
[0075] Next, as shown in drawing 3 (C) from the substrate 101 upper part, ion 
doping of Lynn 107 is carried out on the whole surface. As doping conditions for 
Lynn 107 at this time, acceleration voltage was set to 5-1 OkV, and the amount of 
beads was set to 5x1015-1x1016cm-2. Lynn is poured into crystalline silicon film 
103a (shown in drawing 3 (B)) of the exposed field according to this process, and 
crystalline silicon field 103A by which the phosphorus dope was carried out is 
formed. On the other hand, Lynn is not doped by crystalline silicon film 103b 
(shown in drawing 3 (B)) of the field covered with the mask 104. Superficially, 
Lynn 107 is doped by crystalline silicon field 103A of the part shown with the 
slash in drawing 1 (B). 



[0076] And this substrate is performed in this condition and heat-treatment of 
several hours to dozens of hours is performed at the temperature of 500-700 
degrees C under an inert atmosphere (for example, nitrogen-gas-atmosphere 
mind). This 1st operation gestalt performed processing of 6 hours at 600 degrees 
C as an example. In this heat-treatment, Lynn 107 doped by crystalline silicon 
field 103A carries out the trap of the nickel which exists in that crystalline silicon 
field 103A first. And as shown in drawing 1 (B) and drawing 3 (C), it pulls out to 
surrounding crystalline silicon field 103A in the direction (namely, 106 and hard 
flow at the time of previous crystal growth) which shows crystalline silicon film 
103b under a mask 104, and the nickel 105 which exists in convergent point 
103c of a crystal growth boundary especially further to an arrow head 108. 
Consequently, the nickel concentration in the crystalline silicon film 103b field 
under a mask 104 is reduced greatly. When the nickel concentration in actual 
crystalline silicon film 103b at this time was measured according to secondary ion 
mass spectrometry (SIMS), about three 5x1016 atoms/cm decreased. In addition, 
the nickel concentration in the film of crystalline silicon film 103b in front of the 
process which reduces nickel concentration by the above-mentioned heat- 
treatment was 5x1017 - about three 1x1018 atoms/cm. 
[0077] Next, etching removal of the mask 104 of the silicon oxide film used as a 
mask is carried out. As etchant, wet etching performed using the lower layer 
silicon film 103 and 1:10 buffered fluoric acid (BHF) with selectivity of enough. 
[0078] Then, using crystalline silicon film 103b of the field covered with the mask 
104, the silicon film of other unnecessary parts is removed and separation 
between components is performed. That is, the island-shape crystalline silicon 
film 109 which serves as an active region (the source / drain field, channel field) 
of TFT by arrangement as shown in drawing 1 (C) according to the above- 
mentioned process behind using the field of silicon film 103b is formed. At this 
time, finally in the island-shape crystalline silicon film 109, the island-shape 
crystalline silicon film 109 is arranged so that convergent point 103c (shown in 
drawing 3 (B) and (C)) of crystal growth may be contained to a channel field and 



the becoming field. Tlius, tine condition of drawing 2 (B) and drawing 3 (D) is 

acquired. 

[0079] Next, as shown in drawing 3 (D), the crystallinity of the island-shape 
crystalline silicon film 109 which serves as an active region by irradiating the 
laser light 1 10 is raised further. As a laser light at this time, the XeCI excimer 
laser (wavelength of 308nm, 40ns of pulse width) was used. At the time of an 
exposure, the exposure conditions of laser light heated the substrate at 200-450 
degrees C (for example, 400 degrees C), and irradiated by energy density 250 - 
450 mJ/cm2 (for example, 350 mJ/cm2). Moreover, the beam size of laser light is 
cast so that it may become a 150mmx1mm long configuration on substrate 101 
front face, and it scans sequentially with the step size of 0.05mm perpendicularly 
to a longitudinal direction. By this, a total of 20 laser radiation will be performed in 
one point of the arbitration of the island-shape crystalline silicon film 109. 
[0080] Next, as shown in drawing 3 (E), the silicon oxide film with a thickness of 
20-1 50nm (for example, lOOnm) is formed as gate dielectric film 1 1 1 so that the 
island-shape crystalline silicon film 109 used as the above-mentioned active 
region may be covered. Here, TEOS (Tetra Ethoxy ortho Silicate) is used as a 
raw material, and with oxygen, it is 150-600 degrees C (preferably 300-450 
degrees C) in substrate temperature, and decomposes and deposits by RF 
plasma-CVD method at formation of the silicon oxide film. Moreover, substrate 
temperature may be formed with a reduced pressure CVD method or an ordinary 
pressure CVD method with ozone gas by using TEOS as a raw material as 350- 
600 degrees C (preferably 400-550 degrees C). And after membrane formation 
of the silicon oxide film, in order to improve the own bulk property of gate 
dielectric film and the interface property of the crystalline silicon film / gate 
dielectric film, annealing of 1 - 4 hours is performed at 400-600 degrees C under 
an inert gas ambient atmosphere. 

[0081] Then, aluminum with a thickness of 400-800nm (for example, 600nm) is 
formed by the sputtering method. And patterning of the aluminum film is carried 
out and the gate electrode 1 13 is formed. Furthermore, the front face of the gate 



electrode 1 13 of this aluminum is anodized, and an oxide layer 1 14 is formed in a 
front face. This condition is equivalent to drawing 3 (E). The above-mentioned 
gate electrode 1 13 is carrying out the coincidence configuration of the gate bus 
line superficially, and if this condition is seen superficially, it is in the condition 
that it is shown in drawing 2 (A). The anodization at this time is performed in the 
ethylene glycol solution with which the tartaric acid was contained 1 to 5%, raises 
an electrical potential difference with a fixed current to 220V at first, and it is held 
for 1 hour and it is made to end it in that condition. Then, the thickness of the 
obtained oxide layer 1 14 is 200nm. In addition, in a next ion doping process, 
since this oxide layer 1 14 serves as thickness which forms an offset gate field, it 
can determine the die length of an offset gate field at the above-mentioned 
anodic oxidation process. 

[0082] Next, an impurity (Lynn) is poured into a part of active region (island- 
shape crystalline silicon film 109) by the ion doping method by using the oxide 
layer 1 14 of the gate electrode 113 and its perimeter as a mask. Using 
phosphoretted hydrogen (PH3) as doping gas, acceleration voltage is set to 60- 
90kV (for example, 80kV), and the amount of beads is set to 1x1 01 5-8x1 01 5cm- 
2 (for example, 2x1015cm-2). According to this process, the field 1 16,1 17 where 
the impurity was poured in turns into the source / drain field of TFT behind, and 
the field 115 where a mask is carried out to the gate electrode 113 and the 
oxidizing zone 1 14 of that perimeter, and an impurity is not poured in turns into a 
channel field of TFT behind. 

[0083] Then, the crystallinity of the part into which crystallinity deteriorated at the 
above-mentioned impurity installation process is improved at the same time it 
activates the impurity which performed annealing and carried out the ion 
implantation by the exposure of the laser light 1 18, as shown in drawing 3 (E). At 
this time, it irradiates by energy density 150 - 400 mJ/cm2 (preferably 200 - 250 
mJ/cm2), using a XeCI excimer laser (wavelength of 308nm, 40ns of pulse width) 
as laser to be used. In this way, the sheet resistance of the formed N type 
impurity (Lynn) field 1 16,1 17 was 200-800ohm/**. 



[0084] Then, as shown in drawing 3 (F), the silicon oxide film or the silicon nitride 
film with a thickness of about 600nm is formed as an interlayer insulation film 119. 
If it forms by using TEOS as a raw material by the plasma-CVD method (or a 
reduced pressure CVD method or an ordinary pressure CVD method with ozone) 
of this and oxygen in using the silicon oxide film, the good interlayer insulation 
film excellent in step coverage nature will be obtained. Moreover, if the silicon 
nitride film formed by the plasma-CVD method by making SiH4 and NH3 into 
material gas is used, a hydrogen atom is supplied to the interface of an active 
region/gate dielectric film, and it is effective in reducing the azygos joint hand of 
degrading a TFT property. 

[0085] Next, a contact hole is formed in an interlayer insulation film 119, and the 
source electrode (wiring) 120 of TFT is formed with a metallic material, for 
example, the bilayer film of titanium nitride and aluminum. The titanium nitride 
film is prepared as barrier film to prevent that aluminum is spread in a semi- 
conductor layer. Since this TFT123 is a component which switches a pixel 
electrode, it forms the pixel electrode 121 which consists of transparence electric 
conduction film, such as ITO, in another drain electrode. That is, in drawing 2 (B), 
a video signal is supplied through a source bus line (source electrode 120), and a 
charge required for the pixel electrode 121 is written in based on the gate signal 
of a gate bus line (gate electrode 113). And finally, 350 degrees C and annealing 
of 1 hour are performed in the hydrogen ambient atmosphere of one atmospheric 
pressure, and TFT123 shown in drawing 1 (E) and drawing 3 (F) is completed. 
The protective coat which consists of silicon nitride film etc. may be prepared on 
TFT123 in order to protect TFT123 if needed furthermore. 
[0086] The channel field 1 15 of the active region of the above TFT123 is 
constituted by two or more crystal growth fields which are the columnar crystal 
groups which consist of field bearing where plurality differs, and carried out 
crystal growth from two or more different directions, and contains the boundary 
section with which two or more crystal growth fields which carried out crystal 
growth from two or more different directions collide further one or more, therefore. 



every - the crystallized state in the channel field of TFT123, i.e., the condition of 
a domain, is equalized -- making -- as a result - every on a substrate -- since the 
property between TFT(s) is equalized, there is little property dispersion between 
TFT(s) and the highly efficient semiconductor device which has the stable 
property can be offered. 

[0087] Moreover, TFT produced according to the manufacture approach of the 
semiconductor device of this 1st operation gestalt Although 150cm2A/s extent 
and a threshold electrical potential difference have electric field effect mobility 
very as highly efficient as about 2V Property dispersion within a active-matrix 
substrate was very as good as about (result of having measured 30 points in the 
substrate, using the size of 400x320mm as a substrate) **0.2V, on the threshold 
electrical potential difference about **10% at electric field effect mobility. On the 
other hand, when created by the manufacture approach of the conventional 
semiconductor device, dispersion and dispersion of electric field effect mobility 
had greatly between each component the crystal domain very as large as about 
**50%, and a threshold electrical potential difference is also large in 2**0.5-1. OV, 
and it varied. 

[0088] Therefore, in the semiconductor device of this 1st operation gestalt, it 
turns out that big effectiveness is in the property dispersion improvement of TFT 
especially. Moreover, even if it performs durability test by repeat measurement, 
bias, or temperature stress, property degradation is hardly seen but dependability 
is also satisfactory. Moreover, increase and dispersion of the leakage current in 
the TFT OFF field in which especially a catalyst element poses a problem do not 
have an abnormality point, could reduce leakage current even to number pA 
extent equivalent to the case where a catalyst element is not used, and were 
able to Improve the manufacture yield greatly. 

[0089] And when lighting evaluation of the active-matrix substrate for liquid 
crystal displays produced based on this 1st operation gestalt was actually carried 
out, compared with the conventional thing, display unevenness was small, there 
were also very few pixel defects by the leakage current of TFT, and the liquid 



crystal panel of the high high display grace of a contrast ratio was obtained. In 
addition, although the production process of TFT by this 1st operation gestalt 
explained for the pixel electrode of a active-matrix substrate, it can apply this TFT 
easily [ a thin film integrated circuit etc. ], and should just give wiring which forms 
and needs a contact hole on a gate electrode in that case. 
[0090] (The 2nd operation gestalt) The semiconductor device of the 2nd 
operation gestalt using this invention explains the process which produces the 
circumference drive circuit of the liquid crystal display of a active-matrix mold, 
and the circuit of the CMOS structure which constituted N type TFT which forms 
a common thin film integrated circuit, and P type TFT in the complementary type 
on a quartz-glass substrate. 

[0091] Drawing 4 (A) - (C) is the top view showing the outline of the making 
process of TFT explained with this 2nd operation gestalt, and a process 
advances in order of drawing 4 (A) - (C). Moreover, drawing 5 (A) - (G) is the 
sectional view seen from the V-V line of drawing 4 (C), and a process advances 
in order of drawing 5 (A) - (G). 

[0092] First, as shown in drawing 5 (A), after washing the front face of the quartz- 
glass substrate 201 by the low-concentration hydrofluoric acid, the intrinsic (I- 
beam) amorphous silicon film (a-Si film) 203 with a thickness of 40-1 OOnm (for 

example, 55nm) is formed by the reduced pressure CVD method or the plasma- 
CVD method on the quartz-glass substrate 201. 

[0093] Next, on the a-Si film 203, patterning of the insulating thin films, such as 
silicon oxide film or silicon nitride film, is deposited and carried out, and a mask 
204 is formed. With this 2nd operation gestalt, using the silicon oxide film, 
formation of a mask 204 used TEOS (Tetra Ethoxy Ortho Silicate) as the raw 
material, and decomposed and deposited it by RF plasma-CVD method with 
oxygen. As for the thickness of the above-mentioned mask 204, it was desirable 
that it is lOOnm - 400nm, and thickness of the above-mentioned silicon oxide film 
was set to 150nm with this 2nd operation gestalt. Moreover, the pattern 
configuration of a mask 204 was made into the abbreviation square as shown in 



drawing 4 (A). It provides tine mask 204 one [ at a time ] to eacli TFT of tine N 
type created beliind and P type, respectively so tliat drawing 4 (A) may sliow. 
Tine a-Si film 203 is exposed in the field which is not covered with this mask 204. 
[0094] After forming the above-mentioned mask 204, minute amount addition of 
nickel 205 is performed on this a-Si film 203 and mask 204 front face. DC 
sputtering performs minute amount addition of this nickel 205 using the target of 
pure nickel (99.9% or more). By the super-low power of about 50W, DC power 
raised the substrate bearer rate even to 2000 mm/min, and, specifically, 
performed sputtering processing. In this case, using an argon as sputtering gas, 
it is raising the gas pressure at the time of sputtering to 10Pa or more to a pure 
nickel target, and super-low concentration sputtering of nickel becomes possible. 
Thus, although the nickel 205 by which sputtering was carried out is displayed 
like a thin film by drawing 5 (A), it is in monoatomic layer extent or the condition 
not more than it in fact, and is not in the condition which can be called the film 
very much. When sputtering was concretely performed on the conditions of DC 
power 40W and 18Pa of argon gas pressure, the nickel concentration on a 
substrate front face (a mask 204 and exposed a-Si film 203) was about (TRXRF 
measured value) two 3x1013 atoms/cm. 

[0095] And in this condition, this is annealed whenever [ stoving temperature ] 
under an inert atmosphere (nitrogen-gas-atmosphere mind) for 4 hours at 530- 
600 degrees C (for example, 570 degrees C), and the a-Si film 203 is crystallized. 
At this time, in the a-Si film 203 of the outside (field where direct nickel was 
added) of a mask 204, crystallization of the a-Si film 203 takes place by using as 
a nucleus the nickel 205 which exists in a-Si film 203 front face, and crystalline 
silicon film 203a is formed first. And succeedingly, in the field under a mask 204, 
in drawing 4 (A) and drawing 5 (B), as an arrow head 206 shows, crystal growth 
is performed in a longitudinal direction (direction parallel to a substrate front face) 
from silicon film field 203a crystallized previously toward the core of a mask 204. 
And the field which carried out crystal growth from each side of a mask 204 
collides, and crystal growth boundary 203c is formed. Especially, in the core of a 



mask 204, four horizontal growth fields which carried out crystal growth from the 
four sides collide. And finally the mask 204 bottom is filled with crystalline silicon 
film 203b which is a longitudinal direction crystal growth field. At this time, the 
nickel 205 which exists on a mask 204 Is obstructed by the mask 204, and it 
does not reach to the lower layer a-SI film, but crystallization of the a-SI film 203 
Is performed by only the nickel 205 Introduced In the field to which direct nickel 
was added. 

[0096] Next, as shown in drawing 5 (C) from the substrate 201 upper part, ion 
doping of Lynn 207 is carried out on the whole surface. As doping conditions for 
Lynn 207 at this time, acceleration voltage was set to 5-1 OkV, and the amount of 
beads was set to 5x1015-1x1016cm-2. Lynn Is poured Into crystalline silicon film 
203a of the exposed field according to this process, and crystalline silicon field 
203A by which the phosphorus dope was carried out Is formed. On the other 
hand, Lynn Is not doped by crystalline silicon film 203b of the field covered with 
the mask 204. Superficially, Lynn 207 is doped by crystalline silicon field 203A of 
the part shown with the slash In drawing 4 (B). 

[0097] And this Is performed In this condition and heat-treatment of several hours 
to dozens of hours Is performed at the temperature of 500-700 degrees C under 
an Inert atmosphere (for example, nItrogen-gas-atmosphere mind). This 2nd 
operation gestalt performed processing of 6 hours at 600 degrees C as an 
example. In this heat-treatment, Lynn 207 doped by crystalline silicon field 203A 
carries out the trap of the nickel which exists in that crystalline silicon field 203A 
first. And as shown In drawing 4 (B) and drawing 5 (C), It pulls out to surrounding 
crystalline silicon field 203A In the direction (namely, previous crystal growth 206 
and hard flow) which shows crystalline silicon flim 203b under a mask 204, and 
the nickel 205 which exists In crystal growth boundary 203c especially further to 
an arrow head 208. Consequently, the nickel concentration in the crystalline 
silicon film 203b field under a mask 204 Is reduced greatly. When the nickel 
concentration In actual crystalline silicon film 203b at this time was measured 
according to secondary Ion mass spectrometry (SIMS), about three 5x1016 



atoms/cm decreased. In addition, the nickel concentration in tine film of crystalline 
silicon film 203b in front of the process which reduces nickel concentration by the 
above-mentioned heat-treatment was 5x1017 - about three 1x1018 atoms/cm. 
[0098] Next, etching removal of the silicon oxide film 204 used as a mask is 
carried out. As etchant, wet etching performs using the lower layer silicon film 
203 and 1:10 buffered fluoric acid (BHF) with selectivity of enough. 
[0099] Then, as shown in drawing 5 (D), it leaves the island-shape crystalline 
silicon film 209n and 209p which serves as an active region (component field) of 
TFT behind using crystalline silicon film 203b under a mask 204, etching removal 
of the other field is carried out, and separation between components is performed. 
That is, according to the above-mentioned process, it is arrangement as shown 
in drawing 4 (C), and the island-shape crystalline silicon film 209n and 209p 
which serves as an active region (the source / drain field, channel field) of TFT 
behind is formed using the field of crystalline silicon film 203b. At this time, finally 
in 209n of island-shape crystalline silicon film, and 209p, it arranges so that 
convergent point 203c (shown in drawing 5 (B)) of four crystal growth from each 
side of a mask 204 may be contained to the channel field 215 and the becoming 
field. Thus, the condition of drawing 4 (C) and drawing 5 (D) is acquired. 
[0100] Next, as shown in drawing 5 (E), the silicon oxide film with a thickness of 
60nm is formed as gate dielectric film 211 so that the island-shape crystalline 
silicon film 209n and 209p used as the above-mentioned active region may be 
covered. With this 2nd operation gestalt, membranes were formed with the 
reduced pressure CVD method in the temperature of 850 degrees C as the 
membrane formation approach of gate dielectric film 21 1 by using SiH4 gas and 
N20 gas as a raw material. It is the so-called HTO film. 
[0101] Next, heat treatment in an oxidizing atmosphere is performed to the 
island-shape crystalline silicon film 209n and 209p in such the condition. As an 
ambient atmosphere, it is oxidizing atmospheres, such as oxygen, a steam, or 
HCI, and carried out in the oxygen ambient atmosphere of one atmospheric 
pressure with this 2nd operation gestalt. Moreover, 850-1 100 degrees C of 



temperature were desirable, and it processed at 950 degrees C in tliis 2nd 
operation gestalt. 

[0102] Under such a condition, by performing annealing for 2 hours and 30 
minutes, oxygen carries out spreading diffusion of the inside of gate dielectric film 
211, and the front face of the lower layer island-shape crystalline silicon film 209n 
and 209p oxidizes. By performing oxidation treatment in the above-mentioned 
conditions, about 50nm oxide films 212n and 212p are formed in 209n of island- 
shape crystalline silicon film, and a 209p front face. Consequently, the thickness 
of the island-shape crystalline silicon film 209n and 209p decreases from 55nm 
of the first stage to 30nm. Moreover, the gate dielectric film as TFT consists of 
bilayers of the oxide film 21 1 formed of CVD, and the oxide film 212 formed of 
thermal oxidation of the island-shape crystalline silicon film 209n and 209p, and 
total thickness is set to 1 lOnm. Moreover, a channel interface consists of island- 
shape crystalline silicon film 209n and 209p used as an active region, and an 
oxide film 212 by oxidation of the above-mentioned silicon film, and a good 
interface property is acquired. Furthermore, according to the above-mentioned 
oxidation process, azygos association in the film of the island-shape crystalline 
silicon film 209n and 209p (dangling bond) is reduced sharply, and the 
crystallinity improves greatly. Consequently, it changes with the active regions 
209N and 209P by the high quality crystallinity silicon film thin-film-ized by 30nm. 
[0103] Then, as shown in drawing 5 (F), by the sputtering method, aluminum (0.1 
- 2% of silicon is included) with a thickness of 400-800nm (for example, 500nm) 
is formed, patterning of the aluminum film is carried out, and the gate electrodes 
213n and 213p are formed. 

[0104] Next, an impurity (Lynn and boron) is poured into active regions 209N and 
209P by using the gate electrodes 213n and 213p as a mask by the ion doping 
method. In the case of the former phosphoretted hydrogen, acceleration voltage 
is set to 60-90kV (for example, 80kV), in the case of the latter diboron 
hexahydride, it is made into 40kV - 80kV (for example, 65kV), using 
phosphoretted hydrogen (PH3) and diboron hexahydride (B-2 H6) as doping gas. 



and the amount of beads is set to 1x1015-8x1015cm-2 (they are 2x1015cm-2 
and boron about Lynn 5x1015cm-2). The field where a masl< is carried out to the 
gate electrodes 21 3n and 21 3p by this process, and an impurity is not poured in 
according to it turns into the channel fields 215n and 215p of TFT behind. On the 
occasion of doping, when doping covers an unnecessary field by the photoresist, 
each element is doped alternatively. Consequently, the impurity ranges 216n and 
21 7n of N type and the impurity ranges 21 6p and 21 7p of P type are formed, and 
as shown in drawing 4 (C), the N channel mold TFT224 and the P channel mold 
TFT225 can be formed. 

[0105] Then, as shown in drawing 5 (F), by the exposure of laser 218, annealing 
is performed and the impurity which carried out the ion implantation is activated. 
As exposure conditions for laser light, 20 shots per place irradiated by energy 
density 250 mJ/cm2, using a XeCI excimer laser (wavelength of 308nm, 40ns of 
pulse width) as a laser light. 

[0106] Then, as shown in drawing 5 (G), it forms by the plasma-CVD method by 
using the silicon oxide film with a thickness of 900nm as an interlayer insulation 
film 219, a contact hole is formed in this, and the electrode and the wiring 222 of 
TFT are formed with a metallic material, for example, the bilayer film of titanium 
nitride and aluminum. And finally, 350 degrees C and annealing of 1 hour are 
performed under the hydrogen ambient atmosphere of one atmospheric pressure, 
and the N channel mold TFT224 and the P channel mold TFT225 are completed. 
The protective coat which consists of silicon nitride film etc. may be prepared on 
TFT224,225 in order to protect TFT224,225 if needed furthermore. 
[0107] The channel fields 215n and 215p of the above TFT224,225 consist of two 
or more crystal growth fields which are the columnar crystal groups which consist 
of field bearing where plurality differs, and carried out crystal growth from two or 
more different directions, and contain the boundary section with which two or 
more crystal growth fields which carried out crystal growth from two or more 
different directions collide further one or more, therefore, every - the crystallized 
state in the channel field of TFT224,225, i.e., the condition of a domain, is 



equalized ~ making - as a result - every on a substrate ~ since the property 
between TFT(s) is equalized, there is little property dispersion between TFT(s) 
and the highly efficient semiconductor device which has the stable property can 
be offered. 

[0108] Moreover, in the CMOS structure circuit produced according to the 
manufacture approach of the semiconductor device of this 2nd operation gestalt, 
each electric field effect mobility of TFT was [ in N type TFT ] as high as 120- 
150cm2A/s at 210-25Gcm2A/s and P type TFT, and the threshold electrical 
potential difference showed about -1.5V and a very good property about 1V and 
with P type TFT with N type TFT. Moreover, property dispersion which had 
become a problem conventionally was able to hold down with electric field effect 
mobility, and was able to hold down on the threshold electrical potential 
difference about **10% to about (using the size of 400x320mm as a substrate 
result of the 200 measurement in a substrate) **0.2V. Moreover, even if it 
performed durability test by repeat measurement, bias, or temperature stress, 
property degradation was hardly seen, but compared with the conventional thing, 
it was very reliable, and the stable circuit property was shown. 
[0109] As mentioned above, although the 1st and 2nd operation gestalt explained 
concretely the semiconductor device and its manufacture approach of this 
invention, this invention is not limited to these 1st and 2nd operation gestalt, and 
various kinds of deformation based on the technical thought of this invention is 
possible for it. 

[0110] For example, as mask shape, although the square was used with the 
above-mentioned 1st and 2nd operation gestalt as it is circular as an example of 
representation, a polygon, a rectangle, etc. are sufficient, and at least, if it forms 
in a crystal growth field which is different in the inside of a channel field, this 
effect of the invention will be obtained. 

[0111] Moreover, in the above-mentioned 1st and 2nd operation gestalt, by the 
approach of applying the ethanol solution which melted nickel salt for the 
amorphous silicon film front face as an approach of introducing nickel as a 



catalyst element, or the approach of forming a nickel thin film by the sputtering 
method, alternatively, nickel minute amount addition was performed and the 
approach of carrying out crystal growth was adopted. However, the introductory 
approach of nickel may use water simply and may be made to diffuse it from 
Si02 film by using an SOG (spin-on glass) ingredient as a solvent as a solvent 
which can use the other various technique, for example, melts nickel salt. 
Moreover, the approach of carrying out thin film formation with vacuum 
deposition or plating, the approach of introducing directly by the ion doping 
method, etc. can be used. Furthermore, as an impurity metallic element which 
promotes crystallization, even if it uses cobalt, iron, palladium, platinum, copper, 
and gold in addition to nickel, the same effectiveness is acquired. Moreover, as a 
15 group element for carrying out gettering of the nickel, nitrogen, an arsenic, 
antimony, and a bismuth may be used in addition to Lynn. 
[0112] Moreover, although the heating method by the excimer laser exposure 
which is a pulse laser was used with the above-mentioned 1st and 2nd operation 
gestalt as a means to promote further the crystallinity of the crystalline silicon film 
crystallized with nickel, the processing same also by the other laser (for example, 
continuous-oscillation Ar laser etc.) is possible. Moreover, a strong light 
equivalent to laser light which it is made to go up for a short time to 1000-1200 
degrees C (a silicon monitor's temperature) Instead of laser light using infrared 
light or a flash lamp, and heats a sample, such as so-called RTA (rapid thermal 
annealing), RTP (rapid thermal process), etc., may be used. 
[0113] Furthermore, with the above-mentioned above-mentioned 1st operation 
gestalt, although the active-matrix mold substrate for liquid crystal displays was 
explained as a semiconductor device, a semiconductor device may apply this 
invention to semiconductor devices, such as driver built-in the component write-in 
[ optical ] and display device which used not only this but a contact type image 
sensor, a driver built-in thermal head, the organic system EL, etc. as the light 
emitting device, and a three-dimensional IC. By using this invention, high 
performance-ization of improvement in the speed of these semiconductor 



devices, high-resolution-izing, etc. is realized. 
[0114] 

[Effect of the Invention] As mentioned above, according to tlie semiconductor 
device and its manufacture approach of this invention, the high performance 
component of the stable property with little property dispersion can be realized, 
and a highly efficient semiconductor device with a still higher degree of 
integration is obtained in a simple manufacture process so that clearly. Moreover, 
in the production process, the rate of an excellent article can be improved greatly, 
and low cost-ization of goods can be attained. When the semiconductor device of 
this invention is especially applied to a liquid crystal display, while being able to 
improve the switching characteristic of TFT for pixel switching required of a 
active-matrix substrate, the driver monolithic mold active-matrix substrate which 
high-performance-izing and high integration which are required of TFT which 
constitutes the circumference drive circuit section can be performed, and 
constitutes the active-matrix section and the circumference drive circuit section 
on the same substrate can be realized, and modular miniaturization, high- 
performance-izing, and low-cost-ization can be attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of tine Drawings] 

[Drawing 1] Drawing 1 (A) - (C) is the top view showing the outline of the mal<ing 
process of TFT on the active-matrix substrate of the semiconductor device of the 
1st operation gestalt of this invention. 

[Drawing 2] Drawing 2 (A) and (B) are the top views showing the outline of the 
making process of TFT following drawing 1 (C). 
[Drawing 3] Drawing 3 (A) - (F) is the making process Fig. of the above- 
mentioned semiconductor device. 

[Drawing 4] Drawing 4 (A) - (C) is the top view showing the outline of the making 
process of TFT of the semiconductor device of the 2nd operation gestalt of this 
invention. 

[Drawing 5] Drawing 5 (A) - (G) is the making process Fig. of the above- 
mentioned semiconductor device. 

[Drawing 6] Drawing 6 is the top view of the important section at the time of 

forming the channel field of a hexagon configuration. 

[Drawing 7] Drawing 7 is the top view of the important section at the time of 

forming the channel field of a square configuration. 

[Drawing 8] Drawing 8 is the top view of the important section at the time of 

forming the channel field of a circle configuration. 

[Drawing 9] Drawing 9 is the top view showing the outline of the important section 
of the conventional semiconductor device. 
[Description of Notations] 

101 ~ Glass substrate 

102 ~ Substrate film, 

103.203 ~ a-Sifilm, 

103a, 203a ~ Crystalline silicon film, 
103b, 203b ~ Crystalline silicon film, 
103c, 203c ~ Convergent point, 

104.204 ~ Mask, 



105.205 --Nickel, 

106.206 ~ The crystal growth direction, 

107.207 - Lynn, 

108.208 ~ The direction of gettering of nickel, 
109,209N, 209P - Island-shape crystalline silicon film, 
110 - Laser light, 

1 1 1 ,21 1 - Gate dielectric film 
113,213 ~ Gate electrode, 
114- Anodic oxidation layer, 
115,215n,215p - Channel field, 
1 16,21 6n, 21 6p - Source field, 
117,217n,217p - Drain field, 
118,218- Laser light, 
1 19,219 - Interlayer insulation film, 



120 - 


■ Source electrode. 


121 - 


■ Pixel electrode, 


123 -■ 


■TFT, 


201 -■ 


■ Quartz-glass substrate, 


212 -■ 


■ Oxide film (gate dielectric film), 


222 - 


■ An electrode and wiring, 


224 - 


■ N channel mold TFT, 


225 -■ 


■ P channel mold TFT. 
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